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Preface 

Many important improvements in the electric arc welding process 
have occurred in the last few years. These improvements have extended 
the field of practical application of the process. They have increased 
the rate of weld production and enhanced the physical values of weld 
metal. Thus arc welding now obtains new and greater economies than 
ever before. 

This Handbook has been designed to present in convenient form 
for ready reference the basic information on arc welding in its present 
status. Its contents include not only a complete description of the 
arc welding process in its various forms but also the essential data 
for its use in welding various types of steel, iron and non-ferrous 
metals. What one may expect from welds is answered in a section 
of the Handbook devoted to the structure and properties of weld metal. 

Design is closely allied with the application of welding . . . for 
welding allows the designer greater latitude in selection of material 
and its utilization. A large portion of this Handbook is therefore 
devoted to designing for arc welded construction of machinery and 
structures. Many design examples of machinery elements and units 
are included, also examples of various forms of structural details 
applicable to many types of structures. 

'Another section of this Handbook has been devoted to typical 
applications of arc welding in manufacturing, construction and main- 
tenance which illustrates to a small extent the wide and varied use 
of the process and its potentialities as an industrial tool. The illus- 
trations and brief descriptions of these typical applications may offer 
suggestions which may be profitably incorporated in the design or 
construction of one's own products. 

The Lincoln Electric Company 

Cleveland, Ohio 
August, 1933 


Preface to Enlarged Edition 

The publication of this new edition has been made necessary 
by an acceptance of the Handbook which exhausted the large supply 
of the original edition in less than five months after issue. To be 
consistent with the Lincoln policy of constant product improvement 
many additional pages of data are included in this enlarged edition 
which increases the Handbook's utility as a source for practical in- 
formation on arc welding and its application. The additions to the 
original text include such subjects as Weld Inspection, Study of 
Stress Distribution, Approximate Method of Designing and others, 
also additional data on procedures for welding mild steel, copper 
and aluminum. 

The Lincoln Electric Company 

Cleveland, Ohio 
January, 1934 
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Aids for Arc Welding Progress 

In the interests of scientific and social advancement through the use of arc 
welding, the Publishers of this book also have other books and bulletins on the 
various phases of arc welding application for sale. The 
following books are recommended for engineers, design- 
ers, production supervisors, shop men, welders, students 
and others seeking advancement through knowledge of 
arc welding. 



Lessons in Arc Welding” 

A series of 51 lessons in arc welding, consisting of 144 pages, and well 
illustrated by sketches. These lessons are based on the course in arc welding 
given by Mr. Arthur Madson at our plant. They are practical and not theoreti- 
cal, and are the result of Mr. Madson's experience in 
teaching several thousand men to become practical arc 
welding operators. Several pages of examination ques- 
tions and answers are included. Printed on fine paper. 
Handy size 6" x 9". Bound in simulated leather, gold 
embossed. 50c postage prepaid, 75c outside U.S.A. 


'Simple Blueprint Reading’ 



Compiled and published primarily for welders and others concerned with 
mechanical construction. Guides the student in easy stages to a complete mastery 
of blueprint reading. By enabling shop men to interpret drawings correctly and 
to answer blueprint questions for themselves, this book provides a valuable aid 
for advancement. A comprehensive explanation with practical examples of 
drawings illustrating a wide variety of manufacture and construction. Contains 
144 pages, 6" x 9". Printed on fine paper. Bound in 
simulated leather, gold embossed. Price 50c, postpaid 
anywhere in U.S.A.; 75c elsewhere. 



"Arc Welding in Design , 
Manufacture and Construction’ 


Comprises 109 outstanding welding studies from the $200,000 Award Program 
of The James F. Lincoln Arc Welding Foundation. Published by The James F. 
Lincoln Arc Welding Foundation, Cleveland, Ohio. Written by acknowledged 
leaders — executives, engineers, designers, architects and production officials. 
Contains a wide variety of subjects representing every division of industry* 

Size: 6" x 9"; printed on fine paper; bound in semi-flexible simulated leather, 
gold embossed. 1408 pages, 695 illustrations. Price: $1.50 postpaid in U.S.A. 
$2.00 elsewhere. 

Make checks or money orders out to The James F. Lincoln Arc Welding 
Foundation. 
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PROCEDURE HANDBOOK 
OF ARC WELDING 
DESIGN AND PRACTICE 

PART I 

WELDING METHODS AND EQUIPMENT 

This book deals with the electric arc welding process and its applica- 
tions. However it is desirable that the reader have some knowledge of 
the other welding processes, their fields of application, limitations, the 
equipment involved and welding method employed. 

Exclusive of arc welding there are the following welding methods or 
processes: 

1. Forge or fire welding 

2. Thermit welding 

3. Resistance welding 

4. Oxy-acetylene or gas welding 

5. Atomic hydrogen arc welding. 

FORGE WELDING 

Forge welding is the method of the blacksmith shop. The metal is 
heated in the forge to a plastic stage and hammered on the anvil. Because 
of its cost and obvious slowness this method is not a process which can 
be used widely in production manufacturing. For certain classes of work 
this process has been improved by the development of heating furnaces 
and power hammers. The range of applications, however, is extremely 
narrow. Until recently large quantities of steel pipe were manufactured 
by this method; however, electric welding has replaced forge welding to 
a large extent even in this particular field. Practically all high pressure 
vessels were formerly made by forge welding, but here again arc welding 
is making rapid progress. In structural steel construction as used in 
building it is obviously out of the question to use forge welding. 

THERMIT WELDING 

Thermit welding is essentially a casting process. It employs chemical 
reaction obtained by igniting a mixture of finely divided aluminum and 
iron oxide. During the reaction the oxygen leaves the iron oxide to 
combine with the aluminum. The free iron is drawn off when at very 
high temperature into a mold previously prepared around the parts to 
be welded. These parts are brought to red heat before the liquid metal 
is poured into the mold. When this is done the parts in the mold dissolve 
in liquid metal which when cooled become a single homogeneous section. 
The process requires the use of specially made containers and specially 
prepared mixtures, together with molding materials, preheating equip- 
ment and various accessories. Thermit welding has a certain usefulness in 
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the repair of heavy parts but because of the necessity for molds and dams 
its wide application is limited. 

RESISTANCE WELDING 

Resistance welding is a heat and squeeze process. The parts to be 
welded are raised to the temperature of fusion by the passage of a heavy 
electrical current through the junction. When the welding heat has been 
reached, pressure is applied mechanically to bring about the union. The 
field of resistance welding is in turn broken down into several processes, 
the most important of which are spot welding, butt welding, flash welding 
and seam welding. 

The spot weld is made by overlapping the parts and gripping the over' 
lapped sections between two electrode points, through which the current 
is passed and pressure applied to make the weld in a single spot. The butt 
weld places the parts to be welded end to end, to be heated electrically 
and squeezed together. The flash weld is an adaptation of the butt weld. 
The seam weld is similar to the spot weld except that a circular rolling 
electrode is used to produce the effect of a continuous seam. A special 
spot'welding operation known as “shot welding,’ 1 employing carefully 
controlled short time intervals and high currents, is often used for special 
alloy steels such as die “stainless group.” Resistance welding has a limited 
application in general manufacturing because special equipment is usually 
required for each individual welding job. It is therefore practical chiefly 
for mass production. 

GAS WELDING AND CUTTING 

In gas or oxy'acetylene welding a high temperature flame is produced 
by igniting a mixture of two gases, usually oxygen and acetylene, in 
correct proportion and at proper pressures. The welding is brought about 
by first preheating with the torch flame the metal pieces to be welded, at 
point of contact; after this, when the base metal is at molten temperature, 
the weld metal is added by melting with the torch flame a filler rod of 
suitable composition. Gas welding is a puddling process; i.e., the molten 
metal forming the weld is in a small pool over which the flame is con' 
stantly played. Making a weld by this process consists largely in causing 
this pool to move by melting metal away ahead of the pool and letting 
the metal cool behind it. 

The gas welding process requires a suitable supply of both oxygen 
and acetylene, suitable devices for adjusting the mixture and regulating 
its flow, and various accessories. Gas welding has been used more 
extensively than forge, thermit or resistance welding, due to the flexibility 
of the equipment and small investment it requires. Notwithstanding the 
comparatively low first cost of equipment, the high operating cost usually 
makes it less economical than arc welding for production work. 

The same gases used for welding are also used for cutting metal. 
For this work a cutting torch is employed, and this process becomes an 
important adjunct to arc welding, it being an economical and practical 
tool for cutting unusual metal shapes prior to assembly by welding with 
the electric arc. This is generally known as flame cutting or flame 
machining. 
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ATOMIC HYDROGEN ARC WELDING 

In the atomic hydrogen welding process, an alternating-current arc is 
maintained between two tungsten electrodes, and, at the same time, a 
stream of hydrogen gas is passed through the arc and around the elec- 
trodes. The heat of the arc breaks up the molecules of hydrogen into 
atoms which recombine outside of the arc to form molecular hydrogen. 
The very intense heat given off by the atomic hydrogen as it reverts to 
the molecular form is used to fuse the metals to be welded. The tungsten 
electrodes do not enter into the weld; they are used only as a means for 
establishing and maintaining the arc. They are, however, slowly evapo- 
rated by the intense heat. 

The metal or work being welded does not, as in the metallic-arc 
process of welding, form a part of the electric circuit. Therefore, it does 
not need to be grounded. The actual manipulation of the electrode holder 
is similar to the manipulation of the gas torch used in oxy-acetylene 
welding. The flame is played over the edges to be joined, causing them to 
fuse together. On thick stock, a filler rod may be fused into the weld. 

Atomic hydrogen arc welding, somewhat more costly than usual arc 
welding methods, is used for general welding of steel and ferrous alloys; 
for welding thin sheet metals; and for welding various non-ferrous 
metals and alloys. 


ARC WELDING 

In arc welding the pieces of metal to be welded are brought to the 
proper welding temperature at point of contact by the heat liberated at 
the arc terminals and in the arc stream so that the metals are completely 
fused into each other, forming a single solid homogeneous mass, after it 
solidifies. 

An electric arc is nothing more than a sustained spark between two 
terminals or electrodes. In arc welding the arc is formed between the 
work to be welded and an electrode held in a suitable holder. The instant 
the arc is formed, the temperature of the work at point of welding and 
the welding electrode jumps from normal to the vicinity of 6500 degrees 
Fahrenheit. 

This tremendous heat is concentrated at the point of welding and the 
end of the electrode. It melts a small pool of metal in the work and 
heats the end of the electrode. Additional metal required is obtained 
from the electrode, in case of metallic electrode, or by a filler rod which 
is fed into the arc — melted and deposited. Filler rod may be used with 
either metallic or carbon electrode. 

Metallic Arc Welding. — In the metallic arc process, the arc occurs 
between the work to be welded and a metallic wire. Under the intense 
heat developed by the arc a small part of the work to be welded is brought 
to the melting point almost instantaneously. The other end of the arc, the 
tip of the metallic wire, is likewise melted and tiny globules of molten 
metal form. Those globules are then forced across the arc and deposited 
in the molten seat waiting for it in the work. The globules are actually 
forced across the arc and not dropped as gravity does nothing more than 
assist this deposition of metal when the work is flat. 
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It is this fact which permits the use of metallic arc welding in overhead 
welding. 

Carbon Arc Welding. — In carbon arc welding the arc is formed 
between the work and a carbon rod held in the electrode holder. The 
heat of the arc melts a small pool in the surface of the work to be welded. 
This pool is kept molten by playing the arc across it and extra metal 
to form the weld is added by a filler rod. Carbon arc welding is a pud" 
dling process, and is not applicable to vertical or overhead welding. Its 
greatest application is in automatic welding or in specialized applications. 

The carbon arc may also be used as an economical cutting tool in many 
cases, particularly where it is desired to dismantle an assembly, cutting 
risers or where a very smooth cut is unnecessary. 

THE SHIELDED ARC 

It is common knowledge that molten steel has an affinity for oxygen 
and nitrogen. When exposed to the air, molten steel enters into chemical 
combination with the oxygen and nitrogen of the air to form oxides and 
nitrides in the steel. These impurities in the steel tend to weaken and 
embrittle it as well as lessen its resistance to corrosion. 

In the ordinary arc the molten globules which pass from the electrode 
to the work are exposed to the ambient atmosphere which contains 
chiefly oxygen and nitrogen. The molten base metal is also exposed to 
these elements. They combine with the molten metal forming oxides and 
nitrides in the weld metal. If the metal during the fusion process is com" 
pletely protected from contact with the ambient atmosphere the injurious 
chemical combination cannot take place. This can be achieved by com" 
pletely shielding the arc. 



Fig. 1. Diagrammatic sketch showing shielding of arc and slag protection of weld 
metal while cooling. 


An arc may be shielded by completely enveloping it with an inert gas, 
which will not enter into chemical combination with the molten metal 
and at the same time prevent its contact with the atmospheric oxygen and 
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nitrogen. Welds made with a completely shielded arc are largely free of 
oxides and nitrides and are therefore composed of metal having superior 
physical characteristics to that deposited by an ordinary arc. For example, 
welds made with a shielded arc have a tensile strength of 60,000 to 75,000 
pounds per square inch which is 20% to 50% higher tensile strength than 
that possessed by welds deposited by an ordinary arc. The ductility of 
welds made with a shielded arc averages 100% to 200% greater. The 
resistance to corrosion of shielded arc welds is greater than even 
mild rolled steel and far greater than that of welds made with an 
unshielded arc. 

In manual welding a shielded arc is obtained through use of specific 
types of electrodes which are heavily coated. The heavy coating is of 
such composition that in the heat of the arc it gives off large quantities 
of a gas which envelops and completely shields the arc from the ambient 
atmosphere. Fig. 1. 

The electrode coating is consumed in the arc at a slower rate than 
the rate of deposition of the electrode metal. As a result, the coating 
extends beyond the metal core of the electrode and serves to direct and 
concentrate the arc stream. 

The action of the arc on the coating of the electrode results in a slag 
formation which floats on top of the molten weld metal and protects it 
from the ambient atmosphere while cooling. After the weld metal is 
sufficiently cooled the slag may be easily removed. 

In automatic welding , a completely shielded arc can be obtained In the 
carbon arc process. Since in this process there are no metallic electrodes 
and consequently no metal passing across the arc, the oxygen and nitro- 
.gen in the ambient atmosphere have less opportunity to combine with 
the molten weld metal. This protection is accomplished by the introduc- 
tion of a specially prepared substance into the arc flame at the point 
of fusion. The combustion of this substance in the arc provides an inert 
gas which completely encloses and shields the arc from the ambient 
atmosphere. Another form of shield is obtained by automatic deposition 
of powder on the joint ahead of the arc. The arc penetrates through the 
powder to weld the joint. In addition to the inert gas formed, a slag is 
formed which floats on top of the molten metal and protects it from the 
atmosphere while cooling. These simple yet effective methods of shielding 
the arc permit very economical production of welds which possess physical 
properties in many respects equal to or better than those of mild 
rolled steel. 

A shielded arc is also available for automatic metallic arc welding 
when an automatic electrode feeder is employed. In this method, use 
of specific types of heavily coated electrodes makes possible a shielded 
arc in the manner described previously under the subject of “manual 
welding.” 

Source of Current Supply for Arc Welding. — Arc welding requires 
a continuous supply of electrical current, sufficient in amount and of 
proper voltage. The voltage across the arc will in general range from 
about 15 volts to 45 volts, and in operation is constantly varying due to 
changes in arc conditions. The current ranges vary from 20-25 amperes 
to in some cases as high as 600-800 amperes. Either direct current or 
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alternating current may be used for welding. However, the former is by 
far the more commonly used. 

Where direct current is used there are two methods used to obtain 
current of proper amount and voltage. The first method employed is a 
source of constant voltage in which is introduced a resistance in series 
with the arc to reduce the voltage to the proper value for welding. By 
this method the source of current is usually through large motor generator 
sets with the motor arranged for any commercial power supply. The 
generator is arranged to give a voltage of 7(M00 volts direct current. 
This method, however, is usually wasteful, as a large amount of power 
is lost in the resistance used to reduce the voltage to that required for 
welding. 

A later method, and the one most commonly used today, is a motor 
generator of the ‘Variable voltage” type, as contrasted with the constant 
voltage type, the motor of this type of machine being arranged for any 
commercial power supply. The generator is arranged with such charac- 
teristics that the voltage automatically adjusts itself to the varying volt- 
ages demanded by the arc. This type of welding equipment eliminates the 
necessity for wasteful control resistance in the arc circuit. The variable 
voltage type welder is comparatively small in size, having easy portability. 
This allows the machine to be easily and quickly placed adjacent to the 
work to be welded and thus eliminates the extensive installation of large 
size wiring required by the other type of equipment to bring the welding 
current to the work wherever it may be placed in the shop. The variable 
voltage machine is the most widely used and the most economical type 
of welder. 

Characteristics of the Welding Generator. — A welding generator 
has but one function and that is to make a good welded joint at low 
cost. This apparently simple purpose involves several very important 
characteristics of a welding generator. These may be divided into two 
groups — static and transient. 


generator terminals 



The static characteristics are usually represented by volt-ampere 
curves. Volt-ampere curves are generally obtained by connecting the 
terminals of the welding generator to a variable resistance and reading 
and plotting the values of voltage and current for different resistance 
settings of the resistor. 

For example, the circuit for taking volt-ampere curves may be as 
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shown in Fig. 2. The resistance of the resistor may be varied by connect" 
ing the moving contact, A, to any of the terminals, t T , \ “2”, “3” “4” 
or “5” 


Assuming the controls of the generator have been set, the volt"ampere 
curve for that setting is taken as follows: With the moving contact 
connected to terminal “V\ the ammeter indicates sero because there is 
no contact between “1” and the rest of the resistor. The voltmeter 
indicates 98 volts. This is plotted as shown in Fig. 3, £ero amperes and 
98 volts. The moving contact is then connected to contact “2 , \ The 



AMPERES 

Fig. 3. A typical volt-ampere curve. 

ammeter indicates 150 amperes and the voltmeter indicates 70 volts. This 
is plotted. In like manner, by connecting the moving contact, A, to 
contacts “3’\ “4” and “5” of the resistor, and by reading their respective 
volts and amperes, other points can be plotted. If a smooth line is drawn 
through the points plotted, one completed volt"ampere curve is obtained. 

The curve shown in Fig. 3 is an actual curve which was taken on a 
standard welding generator. The circuit used in taking the volt"ampere 
curve was connected as shown in Fig. 2. Besides this one curve, in the 
modem generator with adequate control, literally hundreds, or thousands, 
of curves can be obtained. If the voltage control has 30 voltage steps, and 
if the current control has 100 steps, the total number of volt"ampere 
curves that are available would be 30x100, or 3,000 curves. 

If the voltage control is set at the maximum, say 98, and the current 
control is varied from minimum to maximum, one hundred fandike 
curves will be obtained from the 98"Volt point. A few of these curves 
are shown in Fig. 4. If the voltage control is then set to obtain any other 
open circuit voltage and the current control is varied from minimum to 
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Fig. 4. A group of curves secured at various current and voltage settings. 


maximum, one hundred fan dike curves will be obtained for this particular 
point. There will be one hundred curves obtainable for every voltage 
setting on the machine. Hence, in all there will be 30x100, or 3,000 
possible volt'ampere curves on the basis above outlined. 

It should be noted at this point that the shape of the volt-ampere 
curve through the operating range is of the utmost importance and that 
separate controls are desirable for voltage and current. 

The welding performance, which is the ability of the arc to weld a 
good joint economically, depends on the arc watts, the arc length or 
voltage, and the arc current. 

If the arc voltage is held constant and the arc current is varied, the arc 
watts will increase directly with the arc current, as arc watts equal the 
product of arc amperes and arc volts. Therefore, in Fig. 5, “arc watts 1 " 
is shown as a straight line. When the arc current is low the welding 
performance is low because there is insufficient current to melt the 



Fig, 5. Variation of arc watts and welding performance with arc current# arc volte 
constant. 
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electrode and the edges of the joint readily. As the arc current increases, 
the electrode melts more readily and the joint also is melted deeper, 
resulting in better penetration and fusion. The welding performance 
increases with the arc current until point P, of maximum welding per- 
formance, is reached. If the arc current is increased still more, the 
electrode melts faster than it can be deposited, too much metal adjacent to 
the joint is melted, metal is thrown out of the joint and possibly a hole is 
burned through the joint. The more the arc current is increased beyond 
point P, the poorer the welded joint becomes even though the arc watts 
are increasing. (See Page 127.) 

If the arc current is held constant at its best value shown by point P, 
on Fig. 5, and the arc voltage is varied, a curve the shape of the one 
shown on Fig. 6 will be obtained. The arc watts will vary directly with 
the arc voltage or arc length and is represented by the straight line in 
Fig. 6. The arc watts curve does not start at zero voltage as an arc cannot 
be maintained unless the arc voltage is approximately 14 volts. As the 
voltage is increased the welding performance increases. When the arc 
voltage is low, the arc watts are concentrated in a very small area and 
insufficient metal is melted at the joint to give a good weld. Also the 
molten globules of metal passing from the electrode to the plate are 
continually causing approximate short circuits from the electrode to the 
plate. The continual short circuiting causes spattering and a high bead. 



Fig. 6. Variation ol watts and performance with arc volts, amperes constant. 

As the arc voltage is increased, the objections mentioned above decrease 
until the proper arc voltage represented by point of maximum welding 
performance is reached (Fig. 6). When this point is reached the arc 
no longer causes a sputtering sound, due to continual short circuiting, 
and the arc has a steady sharp crackling sound, and good penetration is 
obtained. 

If the arc voltage is further increased by lengthening the arc, a large 
portion of the arc watts will be radiated into the air where it is wasted. 
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and bubbles of metal will form on the end of the electrode. These bubbles 
frequently are thrown off to the side of the weld in the form of splatter. 
The arc will be wild and make a wide, shallow bead. It must be remem/ 
bered that not only is the joint poor but the metal thrown out of the 
weld is lost and can never be reclaimed. As the arc voltage is further 
increased the condition mentioned above becomes worse. (See Page 12.7.) 

The proper arc current and arc voltage vary with different types of 
joints, thickness of plate, the electrode used, etc. (See Procedure, 

Page 141.) i i r ii • 

It is possible to design welding generators having the toliowing 

characteristics • 

1. The arc current remains constant even though the arc volts vary. 
This characteristic is represented by line A on Fig. 7. 

2. The arc voltage remains constant even though the arc current 
varies. This characteristic is represented by line B, on Fig. 7. 

3. The arc amperes increase as the arc volts decrease. Many different 
types of lines or curves could be drawn to represent this condition. Two 
of them are shown on Fig. 7 as lines C and D. 



ARC AMPERES 

Fig. 7. Various types of volt-ampere curves. 


If arc watts are plotted against arc volts for the volt-ampere curves 
shown in Fig. 7, the curves shown m Fig. 8 will be obtained. 

Curve A on Fig. 8 is obtained from curve A on Fig. 7 ; curve B on 
Fig. 8 from curve B on Fig. 7, etc. 

If a generator with a characteristic shown by curve A in Fig. 8 were 
used, it would be very difficult, under usual welding conditions, to 
make the arc go out when the weld is finished because the voltage will 
increase so rapidly when the arc is lengthened. The current remains 
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constant and cannot decrease, so that the arc can not go out. Therefore, it 
would be very difficult to use a machine of this type for welding within 
usual ranges or requirements. 

If a generator with a characteristic shown by curve B in Fig. 8 were 
used, it would be impossible to weld. If the electrode were touched to 
the piece to be welded, the voltage would try to go to zero because the 



Fig. 8. Variations of arc watts with arc volts for volt-ampere curves shown in Fig. 7. 

machine would be short circuited. Since the design of the machine will 
not let the voltage go to zero, an extremely high current will flow. Inas' 
much as characteristics A and B cannot be used, the discussion will be 
confined to characteristics C and D. 

Assume that during normal welding the arc voltage varies from value 
VI, to value V2, Fig. 8. Several factors cause this variation, such as 
melting off of the welding electrode which lengthens the arc, variation in 
fit"Up of the joint, metal passing from the electrode to the weld, and 
variation in the arc length due to the fact that it is practically impossible 
and not always desirable to keep the distance between the tip of the 
electrode and the weld constant. The arc voltage midway between these 
two points will represent the average arc voltage. At the average arc 
voltage the arc watts will be represented by point W, on Fig. 8. If a 
generator with characteristic curve C is used, and if the arc voltage 
increases above the average voltage to V2, the arc watts will increase by 
Y watts as shown in Fig. 8. 

In general, the increase in watts will not materially affect the weld. 
The bead will tend to become wider and shallower due to the increase 
in arc volts. This is partially overcome by the increase of the arc watts. 
If the arc voltage decreases to VI, the bead tends to become narrow and 


14 


PROCEDURE HANDBOOK OF ARC WELDING 


the penetration would be increased if the arc watts did not fall off 
rapidly as shown by Z in Fig. 8. Since the arc watts fall off so rapidly, 
penetration will decrease slightly. 

This is highly desirable for a number of conditions such as when 
welding thin gauge metal or some metals such as aluminum, because if 
the penetration increased it is likely a hole would be burned through the 
weld. When welding on this gauge metal a tendency to burn through 
will be overcome by shortening the arc length. 

If a generator with characteristic curve D, is used, and if the arc 
voltage increases to V2, the arc watts will increase by T watts as shown 
in Fig. 8. This does not materially affect the weld as the increase in arc 
length is partially overcome by the increase in arc watts. If the arc 
volts decrease to VI due to a decrease in arc lengths, the arc watts do not 
fall off as much as when curve C was used. Therefore, penetration does 
not decrease but increases slightly because of the shorter arc length with 
a very small decrease in arc watts. 

This type of curve (D) is highly desirable for such work as welding 
heavy plate because penetration is not decreased by shortening the arc 
length. This is also desirable on vertical and overhead where it is some' 
times necessary to shorten the arc to prevent metal from falling out of 
the weld. If the arc watts decrease materially when the arc is shortened, 
penetration will be decreased and the rod is likely to stick to the weld 
because of the solidifying of a drop of metal passing from the electrode 
to the work due to insufficient arc watts. 

From this discussion of curves and consequent performance it is 
evident that in those cases where all conditions are not fully known, it is 
advisable to start from the setting of minimum penetration or steep curve 
and adjust until the desired penetration is obtained. 

Since the purpose of a welding generator is to deposit weld metal, and 
make joints in thin metal and thick metal, as well as metal of all kinds, 
it is necessary that it be equipped with proper controls to obtain required 
characteristics and adequate performance. Independent control of arc 
volts and arc amperes is of vital importance since it is necessary to have 
a great number of curves to meet all conditions of which the above two 
are examples. 

As mentioned above, the welding generator must deposit high quality 
metal at low cost. To do this the generator must properly control the 
shape of the volt ampere curve. It must also have the proper transient 
characteristics to produce a sound weld without wasteful spatter. 

Conditions during operation of an arc are not constant or fixed but 
are constantly changing, i.e., under transient conditions. Due to the 
transfer of molten metal across the arc and gaseous conditions, the 
volt'ampcrc demands of the arc are constantly changing. If the arc 
demands a high voltage, the generator must respond, or if a low voltage 
it must also respond. The voltage must not go too low or the arc will 
go out. It is easy to maintain a }/&” arc at a relatively low voltage due to 
the conducting gases in the arc, but as these gases become non-conducting 
very quickly (in a few thousandths of a second) , if the voltage does not 
rise, the arc goes out. If the current rises to a very high value, results 
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are spatter and explosive action on the bead. If current does not reach 
a value sufficient to melt the electrode and metal, there is no fusion. 

In both voltage and current, the generator must respond to the arc 
condition very quickly, m fact, practically instantaneously. There must 
be no instability. The response must meet the arc demands as they 
occur, to the degree required — no more and no less. 

This response to arc demands or conditions to the required degree 
results in the deposition of good sound weld metal. 

A generator which will produce the type of curves shown (C and D, 
Figs. 7 and 8), which will respond to arc conditions instantaneously, 
which will supply energy for adequate fusion — that generator will 
minimise spatter loss, assure good welding speed and produce good sound 
welded joints economically. 


The practical man or layman may ask what this rather technical 
discussion means. Why should he be interested? How is his work 
affected? 

A welding generator is usually required to do a variety of work. To' 
day it is used on light gauge material, tomorrow on heavy stock' — today 
welding downhand or flat, tomorrow vertical or overhead — today mild 
steel, tomorrow some alloy or non-ferrous metal. So, the welding gener- 
ator which will best meet this varied requirement is most desirable. 

A welding generator which permits a great variety of volt ampere 
characteristics thus will allow the welder to select the type of curve or 
characteristic best adapted for the kind of work he is doing. A few 
examples will illustrate this point. 

For thin material, as 18 gauge steel, a high setting of the voltage 
control and a low setting of the current control is desirable, producing 
a curve such as (1), Fig. 9. 



Since the current increases or changes only a small amount there is 
less tendency to “bum through” with this characteristic. 

Now, suppose you are welding a casting and you want the same 
current and actual arc voltage, but you have other problems to meet, of 
which burn-through is not one. Then a curve such as (2) is desirable. 
The open circuit or idle voltage setting is a little bit lower and the current 
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A STRUCTURAL JOB A PIPING JOINT 

IN THE WIND OVERHEAD POSITION 


Both of these Jobs may require 
the same welding current. How- 
ever, each has its own particu- 
lar requirements as to arc 
characteristics ... for greatest 
speed and quality. 


REQUIRES AN ARC THAT’S 
TOUGH TO BLOW OUT 


REQUIRES AN ARC THAT’S 
SHORT, FORCEFUL 


The average welding current may be the same in both cases. 


This steep curve gives an arc whose 
current remains almost constant as it is 
lengthened. It's tough to blow out, hence 
ideal for work out-of-doors. 


This curve of more gradual slope gives 
an arc whose current increases as the 
operator shortens the gap. Its extra force 
pushes the metal up for overhead work. 
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Fig. 10. 


control setting is a little higher. However, note that the welding volts 
and amperes are the same in both cases. 

Out-of-doors construction work, where windy conditions are severe, 
requires an arc which “won’t blow out.” A steep curve, giving an arc 
whose current remains nearly constant as the arc is lengthened, is desir- 
able. (See Curve 3, Fig. 11.) The same current and arc voltage may 
be required for an overhead pipe job in which case a curve such as (4) 
is desirable where the current increases as the welder shortens the arc, 
providing extra force to help “push the metal up” for the overhead work. 
This point is illustrated in Fig. 10. 
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Fig. 11. 

Similarly, for tank or pipe welding with large electrodes, a curve 
such as (5) of Fig. 12 may be used. And for work such as butt welding 



Fig. 12. 

plate with square^groove joint, curve (6) may be used. Note care" 
fully that while only three different arc voltage and arc ampere values 
are shown — six different settings are shown — a voltage setting for each 
and a current setting for each. 

. # ^ ese ^ ew illustrations have been given to show the practical desira" 
bility of being able to not only vary the amount of current but to vary 
the characteristics of that current by varying the slope and position of 
the volt ampere curve. The relation of the various curves referred to 
is shown in Fig. 13. 

As stated on Page 9, many combinations of open^circuit voltage and 
welding current are available, resulting in thousands of curves, for 
maximum speed and quality on every welding job. 

Transmission of Welding Current. — The welding current is con* 
ducted from the generator to the work by multi" strand copper cable 
well insulated. Usual direction of flow of welding current for bare 
or washed electrodes is from the generator to the work, to the elec" 
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trode through the electrode holder, then through another cable to 
the machine. This is known as straight polarity (electrode negative). 
The accompanying drawing, Fig. 14 illustrates the welding circuit. 
When arc welding with reversed polarity, the cable to the work is nega- 



tive; the electrode cable, positive. An extra flexible cable is used between 
the electrode holder and the welding machine. This cable is designed 
expressly for welding service and derives its high flexibility from its 
construction. It is made of thousands of very fine, almost hair-like, 
wires enclosed in a durable paper wrapping which allows the con- 
ductor to slip readily within its rubber insulation when cable is bent. 
The pure high-grade rubber insulation also contributes to flexibility. 
Wear resistance is provided this cable by an extra tough, braided 
cotton reinforcing and by the special composition and curing of the 
waterproof rubber covering which provides a smooth finish, highly 
resistant to abrasion. For grounding the welding circuit, a somewhat 
less flexible but equally wear resistant cable is used. 

The size of the cables used in welding varies, being dependent upon 
the capacity of the machine and the distance of the work from the 
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machine. The size cable is selected carefully because of its definite 
bearing on weld production and efficiency. The following table im 
dicates cable sizes for various lengths for different sized welding 
machines. 


Machine 

Size in 
Amperes 

Cable Sizes for Lengths 

Up to 50' 

50' - 100' 

100' -250' 

100 

2 

2 

2 

200 

2 

1 

2/0 

300 

0 

2/0 

4/0 

400 

2/0 

3/0 

4/0* 

600 

2/0 

4/0 

4/0* 


*The longest length of 4/0 cable recommended for 400'ampere welder is 150'; 
for 600'ampere machine 100'. For greater distances, cable size is increased. The 
question of the longest cable practical to use is determined by considering the 
weld production, efficiency and ease of handling. 

Electrode Holders. — An electrode holder is simply a clamping 
device for holding the electrode and is provided with a handle for 
the operator’s hand. The welding current is conveyed through the 
electrode holder to the electrode. The clamping device should be so 
designed as to hold the electrode securely in position yet permit quick 
and easy change of electrodes, also providing good electrical contact. 
It should also be light in weight to permit ease of handling, yet 
sturdy enough to withstand rough usage. A popular type of electrode 
holder is illustrated in Fig 15. 



Fig. 15. Electrode holder. 


ELECTRODES 

The electrodes used in the electric arc welding processes may be 
either metal or carbon, depending upon the work to be welded and 
other requirements of the application. 

Metallic Electrodes. — In manual welding the metallic electrode is 
generally used. Metallic electrodes are commercially manufactured 
in diameter sizes ranging from Yiq" to Y&” and larger and usually 
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in lengths of 14" and 18". The proper size of electrode to use is 
determined by the requirements of the weld and material to be welded. 
The composition of the electrodes varies depending upon the type of 
work and composition of material to be welded. 

Washed electrodes are those which are lightly coated with an arc 
stabilizing chemical such as lime. No attempt is made to prevent 
oxidation and no slag is formed on the bead. The coating merely 
serves to produce electrodes of more uniform arc characteristics than 
bare welding wire, but does not affect the characteristics of the de* 
posited metal. 

Semi-coated electrodes have a coating of appreciable thickness which 
usually contains a binder. In most cases this coating is applied by 
dipping. This coating not only serves to stabilize the arc but may 
in some cases partially control the oxidation of the molten metal 
as it is deposited by forming a thin film of slag over the surface 
of the bead. The coatings on this type of electrode may be of suT 
ficient quantity to amount to 1 % or 2% of the total weight of the 
electrode. 



Fig. 16. Shielded arc type electrodes. 


Heavily coated shielded-arc type electrodes utilize all the benefits of 
chemical coatings. These coatings may be applied to bare wire by 
dipping, extrusion or winding and may in weight amount to 10% 
or more of the total weight of the electrode. It is by the use of this 
type of coating that the arc characteristics and the physical and 
chemical properties of the deposited metal can be controlled. The 
coatings not only produce a protecting shield of nomoxidizing or 
reducing atmospheres around the arc but also control the (1) fluidity 
of the metal, (2) penetration, (3) shape of the beads, (4) physical 
properties of the deposit, and (5) may control the composition of 
the deposit by addition of various metals and alloys. 

Carbon Electrodes. — For manual welding and cutting, carbon 
electrodes are manufactured in diameter sizes ranging from up 

to and including 1" in 12" lengths. The carbons are baked in the 
process of manufacture. For automatic welding with the shielded 
arc the carbons are manufactured in diameter sizes ranging from 
up to and including J4". This type of carbon must be carefully 
gauged as to size and inspected for straightness. 
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PROTECTIVE EQUIPMENT 

Head Shields and Face Shields. — To protect the operator’s face 
and eyes from the direct rays of the arc, it is essential that a face 
shield or head shield be used. These shields are generally constructed 
of some kind of pressed fibre insulating material, dead black in color 
to reduce reflection. The shield should be light in weight and designed 
to insure greatest possible comfort to the welder or user. 




Fig. 17. Head shield. 


Fig. 18 . Face shield. 


Protective shields are provided with a glass window, the standard 
being 2" x 4^4". The glass should be of such composition as to 
absorb the infra-red rays, the ultra violet rays and most visible 
rays emanating from the arc. In selecting welding lens, it is important 
to consider the manufacturers reputation and his experience in the 
use of welding equipment as well as results of scientific tests of the 
lens. A welding lens, which is guaranteed to absorb 99.5% or more 
infra-red rays and 99.75% or more ultra violet rays, is available. This 
lens has been reported as absorbing 100% of these rays by actual 
tests by the U. S. Bureau of Standards. 

The welding lens in the head or face shield is protected from 
molten metal splatter and breakage by a chemically-treated, clear 
“non-splatter” glass covering the exposed side of the lens. 



Fig. 19. Goggle*. 


Special goggles are used by welders’ helpers, foremen, supervisors, 
inspectors and others working close to a welding arc to protect their 
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eyes from occasional flashes. A popular goggle has adjustable elastic 
headbands and is light, cool, well ventilated and comfortable. Clear 
cover glasses and greenish tint lenses in various shades are available 
for this goggle. 

Aprons, — During the arc welding process some sparks and globules 
of molten metal are thrown out from the arc. For protection from 
possible bums it is advisable that the operator wear a leather or 
protective apron. Some operators also wear spats or leggings and 
sleevelets of leather or other fire-resisting material. Some sort of 
protection should be provided for the operator’s ankles and feet, 
inasmuch as a globule of molten metal can cause a small but painful 
burn to the foot before it can be extracted from the shoe. Turn 
the pants down at the bottom so that molten metal will not fall 
in the cuffs. 



Fig. 20. Chrome leather sleeve. Fig. 21. Chrome leather glove. 


Gloves. — A gauntlet type of glove, preferably of leather, is gen- 
erally used by operators for protection of the hand from the arc 
rays, spatter of molten metal, sparks, etc. Gloves also provide pro- 
tection when handling the work. 

VENTILATION 

Working conditions in the welding shop often can be improved 
for increased efficiency and lower costs by means of effective ventilation. 

The most effective and economical type of ventilating equipment 
for welding operators is that which removes the smoke and heat 
of welding at its source — in other words, at the arc. This equip- 
ment consists of a motor-driven suction unit and a flexible metal 
suction tube through which the smoke and heat are drawn. The 
smoke is exhausted either into a filter at the power unit or out-of- 
doors. The intake of the suction tube is positioned in the vicinity 
of the welding arc so that it collects the majority of the smoke particles 
and much of the heat. 
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By removing the smoke at its source, this ventilator is much more 
effective and economical than the conventional system which moves 
air through the entire shop in order to remove the smoke admixture. 
In cold weather, the localised type of ventilator saves considerable 
heat because less air must be taken into the shop, heated and exhausted. 

MISCELLANEOUS ACCESSORIES 

As a means of protection to other workers from the arc rays, 
splatter of molten metal and sparks, the scene of each welding opera- 
tion should be enclosed by either a portable or permanent structure, 
booth or screen. A form of welding booth is illustrated in Fig. 22. 
Where the welding machine must be taken to the work it is advisable 
to surround the scene of welding operation with portable screens 
painted dead black to prevent reflection of the arc rays. 



The majority of welding operations require the use of a table 
or bench. Every operator has his own idea of the proper type of 
welding table. However, the one shown in Fig. 23 has proved very 
practical. As the table illustrated indicates, a suitable and well insulated 
container for electrodes should be provided, also an insulated hook for 
supporting the electrode holder when not in use. 

Other tools which will prove of value in any shop where welding 
is done include wire brushes for cleaning the welds, cold cuts for 
chipping, clamps for holding work in position for welding, also 
wedges; and where work is large or heavy, a crane or chain block. 
A drill, air hammer and grinder are also of value. 
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PART II 


TECHNIQUE OF WELDING 

When an arc is drawn between the work or base metal and the 
electrode, the base metal in the path of the arc stream is melted, 
formmg a pool of molten metal. The molten metal seems to be 
forced out of the pool by the blast from the arc. A small depression 
in the base metal is thus formed and molten metal is piled up around 
the edges of this depression, which is known as the arc crater, see 
Fig. 24. The depth of the crater serves as an indication of the pene- 
tration obtained by the welding process, and also indicates to a certain 



Fig. 24. Diagrammatic sketch of an ordinary arc in process of welding. 


extent the soundness of the weld. The depth of the arc crater depends 
generally upon the current and voltage of the arc. It should in general 
never be less than Yiq" deep. 

Length of Arc. — Arc length is the distance between the end of 
the electrode and the surface upon which the molten globules are 
deposited. The correct length of the arc will vary, depending upon 
the sise and type of electrodes used, the material to be welded and 
amount of welding heat, and other regulating factors involved in the 
welding process employed. The ordinary or unshielded arc should be 
short for best results. An important reason for this is that the globules 
of molten electrode metal in process of deposition may have the smallest 
possible opportunity to contact with the ambient atmosphere and from 
it absorb a minimum of oxygen and nitrogen. The above instructions do 
not apply when welding with a shielded arc. It has been found that the 
correct length of the shielded arc is longer. The heavy coating 
of the electrodes employed with the shielded arc is not consumed 
as rapidly as the electrode metal melts. The resultant projection of 
coating focuses a concentrated arc stream though the actual length 
of the arc is longer. 

Arc Blow. — When the arc stream tends to waver from its in- 
tended path, the action is known as arc blow. During the welding 
process there is current flowing through the electrode, through the 
arc stream and through the base metal. This current sets up mag- 
netic fields around the electrode, the arc stream and the base metal 
The combination of the action of these magnetic fields or fluxes on 
the arc stream may under certain conditions pull the arc stream out 
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of its intended path. The action of this magnetic phenomenon gen' 
erally can be corrected either by welding away from the ground, 
changing the position of the electrode in relation to the work, chang' 
ing the relation of the ground on the work or, in cases where the 
work is placed on a grounded support by changing the position of 
the work. In some cases, the magnetic condition is improved by 
giving one of the cable leads a few turns around a part of the work 
being welded such as an Tbeam in a machine base, etc. There is 
no general rule for overcoming arc blow but in almost every case 
experimentation by the above methods will put the arc stream under 
control. 

Preparation of the Work. — The work to be welded should be 
clean, preferably free from corrosion, oil, water and other foreign 
matter. To facilitate welding, the work should be placed where pos' 
sible in such a position so that flat welds can be made. Next preferable 
is the position requiring vertical or overhead welds. Work in a posi' 
tion requiring horizontal welds is least preferable, because welds in 
this location require more time and care in their making; hut the 
physical qualities of such welds are equal to those made in other 
positions. 

Preparation of the joint has an important bearing on the cost 
of welding and it is suggested that the reader study carefully the 
section on Costs (Page 205). 

WELDING TERMS 

Many of the terms used in welding have been standardized by 
the American Welding Society. 

These terms are given through the courtesy of the American Weld 
ing Society. 

Actual Throat; See Throat of Fillet Weld. See Fig. 64. 

All Weld Metal Test Specimen: A test specimen composed wholly of weld metal 

Anode Drop: The voltage between the arc stream and the positive electrode. 

Arc Brazing: An electric brazing process wherein the heat is obtained from an 
electric arc, formed between the base metal and an electrode, or between two 
electrodes. 

Arc-Stream Voltage: The voltage across the gaseous zone which varies with the 
length of the arc. 

Arc Welding: A non^pressure (fusion) welding process wherein the welding heat 
is obtained from an electric arc iormed either between the base metal and an 
electrode, or between two electrodes. 

Atomic Hydrogen Welding: An alternating current arc welding process wherein 
the welding heat is obtained from an arc produced between two suitable 
electrodes in an atmosphere of hydrogen. 

Automatic Welding: Welding with equipment which automatically controls the 
entire welding operation. (Including feed, speed, oscillation, interruption, 
etc.) 
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Axis of a Weld: A line through the weld parallel to the root. See Fig. 25. 

Back-Step Welding: A welding technique wherein the increments of weld metal 
are deposited opposite to the direction of progression. 

Backing Strip: Material (metal, asbestos, carbon, etc.) backing up the root of 
the weld. 

Bare Electrode: (Lightly coated). A solid metal electrode with no coating other 
than that incidental to the manufacture of the electrode, or with a light coat" 
ing. 

Base Metal: — (Parent Metal): The metal to be welded, or cut. 

Base Metal Test Specimen: A test specimen composed wholly of base metal. 

Bead Weld: A type of weld made by one passage of electrode or rod. See 
Figs. 41, 69 and 70. 


Tabulation op Positions of Welds 



The horizontal reference plane is taken to lie always below the weld under consid- 
eration. , , , . 

Inclination of axis is measured from the horizontal reference plane toward the vertical. 

Angle of rotation of face is measured from a line perpendicular to the axis of the weld 
and lying in a vertical plane containing this axis. The reference position of rotation of 
the face invariably points in the direction opposite to that in which the axis angle 
increases. The angle of rotation of the face of weld is measured in a clockwise direction 
from this reference position when looking toward point "P". 
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Types of welds applicable 
to butt joints 


Types of welds applicable 
to corner joints 


Types of welds applicable 
to edge joints 


Square groove 
Single-V groove 
Double-V groove (illustrated) 
Single bevel groove 
Double bevel groove 
Single-U groove 
Double-U groove 
Single-J groove 
Double-J groove 
Butt (resistance) 


Fillet (illustrated) 
Square groove 
Single-V groove 
Single bevel groove 
Double bevel groove 
Single-U groove 
Single-J groove 
Double-J groove 
Projection (resistance) 


Bead (illustrated) 
Single-V groove 
Single-U groove 


Beading (Parallel Beads): A technique of depositing weld metal without oscilla- 
tion of the electrode. See Fig. 69. 

Bend Test: See Free Bend Test and Guided Bend Test. 

Bevel Angle: See Groove Angle, Fig. 56. 

Bevel Weld: See Groove Weld. 

Bond: The junction of the weld metal and the base metal. 

Brazing: A group of welding processes wherein the filler metal is a non-ferrous 
metal or alloy whose melting point is higher than 1000° F. but is lower than 
that of the metals or alloys to be joined. 

Butt Joint: See Fig. 2. 

Carbon Arc Cutting: The process of severing metals by melting with the heat of 
the carbon arc. 

Carbon Arc Welding: An arc welding process wherein a carbon or graphite 
electrode is used, with or without the use of filler metal. 

Carbon Electrode: See Electrode. 

Chain Intermittent Fillet Welds: See Fig. 44. 

Closed Joints: See Root Opening. 

Coated Electrode: See Covered Electrodes. 

Composite Electrode: An electrode with or without a flux having more than one 
filler material combined mechanically. 

Composite Joint: A joint wherein welding is used in conjunction with a mechan- 
ical joint. 
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Fig. 29. Lap joint. 


Types ol welds applicable to lap joints 

Fillet (illustrated) 

Plug 

Slot 

Spot (resistance) 

Seam (resistance) 

Projection (resistance) 


Fig. 30. Tee joint. 


Types of welds applicable to tee joints 

Fillet (illustrated) 

Single bevel groove 
Double bevel groove 
Single-| groove 
Doube-J groove 


Concave Fillet Weld: See Size of Fillet Weld. See Fig. 65. 

Concurrent Heating: Supplementary heat applied to a structure during the 
course of welding. 

Contact Jaw: An electrical terminal used in a resistance butt-welding machine to 
securely clamp the parts to be welded and conduct the electric current to these 
parts. 

Continuous Weld; A weld which extends uninterruptedly for its entire length. 

Convex Fillet Weld: See Size of Fillet Weld. See Fig. 65. 

Convexity Ratio: See Fig. 71. 

Corner Joint: See Fig. 27 

Covered (Shielded Arc) Electrode: A metal electrode which has a relatively 
thick covering material serving the dual purpose of stabilizing the arc and 
improving the properties of the weld metal. 

Cover Glass: A clear glass used to protect the lens in goggles, face shields and 
helmets from spattering material. 

Crater: A depression at the termination of an arc weld. 

Deposited Metal: Metal that has been added by a welding process. 

Deposition Efficiency: The ratio of the weight of deposited metal to the net 
weight of the electrodes consumed ( exclusive of stubsj. 

Depth of Fusion: The depth of fusion of a groove weld is the distance from the 
original surface of the base metal to that point within the joint at which fusion 
ceases. 

Direct Current Arc Welding: An arc-welding process wherein the power supply 
at the arc is direct current. 

Double Groove Welds: See Groove Welds. 

Edge Joint: See Fig. 28. 

Edge Preparation: See Fig. 50. 

Effective Length of Weld: The length of the correctly proportioned cross section 
of a weld. 
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Fig. 31. Square 
groove weld. 



Fig. 36. Double- 
V groove weld. 



Fig. 32. Single- 
V groove weld. 



rig. 37. Double 
bevel groove 
weld. 



Fig. 33. Single 
bevel groove 
weld. 



ig. 38. Double- 
groove weld. 



Fig. 34. Single- 
U groove weld. 



'ig. 39. Double- 
J groove weld. 



Fig. 35. Single-I 
groove weld. 



Fig. 40. Fillet 
weld. 


Electric Brazing: A group of brazing processes wherein the heat is obtained from 

electric current. 

Electrode: 

A. Metal Arc Welding: Filler metal in the form of a wire or rod, either bare 
or covered, through which current is conducted between the electrode 
holder and the arc. 

B. Carbon Arc: A carbon or graphite rod through which current is con- 
ducted between the electrode holder and the arc. 

C. Atomic Hydrogen: One of two tungsten rods between the points of 
which the arc is maintained. 

D. Resistance Welding: A bar, wheel or die through which the current is 
conducted and the pressure applied to the work 



Fig. 41. Bead weld. 



Fig. 42. Plug weld. 



Fig. 43. Slot weld. 


Electrode Holder: A device used for mechanically holding the electrode. 

Electrode Tip (Point): A replaceable tip of metal on an electrode having the 
electrical and physical characteristics required for spot and projection welding. 

Face (Hand) Shield: See Hand (Face) Shield. 

Face of Weld: See Fig. S9. 

Filler Metal: Material to be added in making a weld. 

Fillet Weld: See Fig. 40. 
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Fillet Weld Size: See Size. 

Filter Lens: A glass used in goggles, helmets and shields to exclude harmful light 
rays. 

Flash Butt Welding: A resistance butt welding process wherein the potential is 
applied before the parts are brought in contact and where the heat is derived 
principally from a series of arcs between the parts being welded. 

Flash (Fin): Metal expelled from a joint made by the resistance welding process. 

Flat Position of Welding (Downhand): See Fig. 25. 

Flush Weld: A weld made with a minimum reinforcement. 

Flux: A fusible material or gas used to dissolve and/or prevent the formation of 
oxides, nitrides or other undesirable inclusions formed in welding. 

Forge Welding (Blacksmith, Roll, Hammer): A group of pressure welding 
processes wherein the parts to be welded are brought to suitable temperature 
by means of external heating and the weld is consummated by pressure or 
blows. 

Free Bend TEST Specimen: A bending test wherein the specimen is bent with' 
out constraint of a jig. 
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Fig. 44. Chain intermittent fillet welds. 
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Fig. 45. Staggered intermittent fillet welds. 


Fusion Welding: A group of welding processes in which metals brought to the 
molten state at the surfaces to be joined are welded with or without the 
addition of filler metal and without the application of mechanical pressure or 
blows. 

Gas Cutting: The process of severing ferrous metals by means of the chemical 
action of oxygen on elements in the base metal. 

Gas Pocket (Blow-Hole): A cavity in a weld caused by gas inclusion. 

Gas Welding: A non^pressure (fusion) welding process wherein the welding heat 
is obtained from a gas flame. 

Groove: See Fig. 51. 

Groove Angle: See Fig. 56. 
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Fig. 48. Seam weld. Fig. 49. Flash (butt) weld. 


Groove Welds: (a) Square Groove Weld: See Fig. 31. 

(b) Single'Vee Groove Weld: See Fig. 32. 

(c) Single Bevel Groove Weld: See Fig. 33. 

(d) Single-U Groove Weld: See Fig. 34. 

(e) Single* J Groove Weld: See Fig. 35. 

(f) Double^ Vee Groove Weld: See Fig. 36. 

(g) Double Bevel Groove Weld: See Fig. 37. 

(h) Double'U Groove Weld: See Fig. 38. 

(i) Doubk'J Groove Weld: See Fig. 39. 



Fig. 50. Edge preparation. 


Fig. 51. Groove. 

Ground Connections: See Welding Ground, 

Guided Bend Test: A bending test wherein the specimen is bent to a definite 
shape by means of a jig. 

Hammer Welding: See Forge Welding. 

Hand (Face) Shield: A protective device used in arc welding for shielding the 
face and neck, equipped with suitable filter glass lens and designed to be held 
by hand. 

Heat-Affected Zone: The portion of the base metal whose structure or properties 
has been altered by the heat of welding. 

Helmet Shield: A protective device used in arc welding for shielding the face 
and neck, equipped with suitable filter glass lens and designed to be worn on 
the head. 
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Horizontal Position of Welding: See Fig. 25. 
Included Angle: See Fig. 57. 



Fig. 52. Root edge. Fig. 53. Root face. 


Fig. 54. 
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Fig. 55. Root opening. 
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Fig. 56. Groove angle. 


Fig. 57. Included angle. 


Intermittent Weld: A weld whose continuity is broken by unwelded spaces. 

J Groove Welds: See Groove Welds. 

Kerf: The space from which the metal has been removed by a cutting process. 

Lap Joint: See Fig. 29. 

Layer: See Fig. 68. 

Leg of Fillet Weld: See Fig. 63. 

Lens: See Filter Lens. 

Manual Weld: A weld made by an operator unaided by mechanically or elec' 
trically controlled equipment. 

Melting Rate: The weight of electrode consumed in a unit of time. 

Melting Ratio: The ratio of the volume of weld metal below the original surface 
of the base metal to the total volume of the weld metal. 

Metal Arc Cutting: The process of severing metals by melting with the heat of 
the metal arc. 

Metal Arc Welding: An arc welding process wherein the electrode supplies the 
filler metal in the weld. 

Metal Electrode: See Electrode. 

Non-Pressure Welding: A group of welding processes wherein the weld is made 
without pressure. 

Open Joints: See Root Opening. 

Overhead Position of Welding: See Fig. 25. 

Overlap (Roll): Protrusion of weld metal at the toe of a weld beyond the limits 
of fusion. 
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Fig. 61. Reinforcement of weld. 



Fig. 62. Undercutting. 



Fig, 63. Leg of fillet weld. 


TMtOAtTlCAL THROAT ACTUAL THROAT -» 



Fig. 64. Throat of fillet weld. 


Pad: Sec Fig. 67. 

Peening: Mechanical working of metal by means of hammer blows. 

Penetration (Depth of Fusion): See Fig. 66. 

Percussive Welding: A resistance welding process utilizing stored up electrical 
energy suddenly discharged. 

Plain Thermit; A mixture of iron oxide and finely divided aluminum. 

Plug Weld: See Fig. 42. 
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Poke Welding: A spot welding process wherein pressure is applied manually to 
one electrode only. 

Porosity: A multiplicity of gas pockets or inclusions. 

Positions of Welds: See Fig. 25. 

Post Heating: Heat applied to base metal subsequent to welding or cutting. 

Preheating: Heat applied to base metal prior to welding or cutting. 

Pressure Welding: A group of welding processes wherein the weld is consum- 
mated by pressure. 

Projection Weld: See Fig. 47. 

Projection Welding: A resistance welding process wherein localization of heat 
between two surfaces or between the end of one member and surface of 
another is effected by projections. 

Rate of Deposition: The weight of weld metal deposited in a unit of time. 




Fig. 65. Size of fillet weld. 


Note: The size of a fillet weld is the leg length of the largest inscribed right 
isosceles triangle. 



Fig. 68. Layers. Fig. 69. Beading. Fig. 70. Weaving. 

Reinforcement of Weld: See Fig. 61. 

Residual Stress: Stresses remaining in a structure or member as a result of 
thermal or mechanical treatment, or both. 

Resistance Butt Weld: See Fig. 49. 

Resistance Butt Welding: A group of resistance welding processes wherein the 
fusion occurs simultaneously over the entire contact area of the parts being 
joined. 
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Resistance Flash Butt Welding: See Flash Butt Welding. 

Resistance Welding: A pressure welding process wherein the heat is obtained 
from the resistance to the flow of an electric current. 

Reversed Polarity: The arrangement of arc welding leads wherein the work ia 
the negative pole and the electrode is the positive pole in the arc circuit. 

Root Edge: See Fig 52. 

Root Face (Shoulder): See Fig. 53. 

Root Opening: See Fig. 55. 

Root of Weld: See Fig. 58. 

Root Radius: See Fig. 54. 

Seal Weld (Seal Bead): A weld used to obtain tightness. 

Seam Weld: See Fig. 48. 

Seam Welding: A resistance welding process wherein overlapping or tangent 
spot welds are made progressively. 

Semi-Automatic Metal Arc Weld: A weld made with equipment which auto* 
matically controls the feed of the electrode — the manipulation of the elec* 
trode being controlled by hand. 

Shielded Carbon Arc Welding: A carbon arc welding process wherein the arc 
and molten weld metal are protected from the atmosphere by a shielding 
medium. 

Shielded Metal Arc Welding: A metal arc welding process wherein the arc and 
weld metal is protected from the atmosphere by a shielding medium. 

Shoulder: See Root Face. 




NOTE » LINE AC IS D*AWM INTERNALLY TANCENT TO THE INMOST POINT , 

in the rAce or the fillet ' 




Fig, 71. Convexity ratio. 

Single-Groove Welds: See Groove Welds. 

Siate: 

(a) Fillet Weld: The size of a fillet weld is the leg length of the largest 
inscribed isosceles right triangle. See Fig. 65. 

(k) Groove w eld: The size of a groove weld is the depth of the groove. 
Where depth of fusion materially exceeds the groove depth, the size of 
the weld is the depth of fusion. 
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Slag Inclusion: Non*metallic material entrapped in a weld. 

Slot Wdd: See Fig. 43. 

Spatter Loss: The difference in weight between the amount of electrode deposited 
and the weight of the electrode consumed (melted). 

Spot Weld: See Fig. 46. 

Spot Welding: A resistance welding process wherein the fusion is confined to a 
relatively small portion of the area of the lapped parts to be joined. 

Square Groove Weld: See Groove Welds. 

Staggered Intermittent Fillet Welds: See Fig. 45. 

Straight Polarity: The arrangement of arc welding leads wherein the work is the 
positive pole and the electrode is the negative pole of the arc circuit. 

Stress Relief Heat Treatment:* Uniform heating of structures to a sufficient 
temperature below the critical range, to relieve the major portion of the 
residual stresses, followed by uniform cooling. 

Tack Weld: A weld used for assembly purposes only. 

Tee Joint: See Fig. 30. 

Theoretical Throat: See Throat of Fillet Weld. See Fig. 64. 

Thermal Stress: The stresses produced in a structure or member caused by differ* 
ences in temperature or coefficients of expansion. 

Thermit Reaction: A chemical reaction between iron oxide and aluminum which 
produces a highly superheated liquid iron and aluminum oxide slag. 

Thermit Welding: A nompressure (fusion) welding process wherein the heat is 
obtained from liquid steel produced by a thermit reaction, and the filler metal 
is supplied by the steel produced in this reaction. 

Throat of Fillet Weld: See Fig. 64. 

Toe of Weld: See Fig. 60. 

Types of Welds: See “Bead,” “Fillet,” "‘Plug,” “Slot,” and “Groove” Welds. 

U Groove Welds: See Grove Welds. 

Unaffected Zone: That portion of the base metal outside of the heat*affected 
zone wherein no change in physical properties and/or structure has taken 
place. 

Undercut: See Fig. 62. 

Unshielded Carbon Arc Welding: A carbon arc welding process wherein no 
shielding medium is used. 

Vertical Position of Welding: See Fig. 25. 

Weaving: A technique of depositing weld metal in which the electrode is oscil* 
lated at right angles to the direction of travel. See Fig. 70. 

Weld: A localized consolidation of metals by a welding process. 

Welded Joint: A localized union of two parts by welding. 


♦Note; Terms normalizing, annealing, etc., are misnomers for this appli* 
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Weldment: An assembly whose component parts are joined by welding. 

Weld Metal: The metal resulting from the fusion of the filler and base metals. 

Weld Penetration: See Fig. 66. 

Welding Ground: The side of the circuit opposite the welding electrode. 

Welding Leads: Conductors furnishing an electrical path between source ol 
welding power and electrodes. 

Welding Rod: Filler metal, in wire or rod form, used in the gas welding process 
and those arc welding processes wherein the electrode does not furnish the 
metal. 



Selection of Type of Joint. — The selection of the type of joint 
to use in a particular application is governed by three factors: 

1. The load and its characteristics, that is, whether the load is 
in tension or compression, and whether bending, fatigue or 
impact stresses in any combination are present. 

2. The manner in which the load is applied, that is, whether 
load application is steady, variable or sudden. 

3. The cost of the joint preparation and welding. 

Obviously the joint to select is the one which meets the load re" 
quirements and costs the least. 

Aid in selecting the best joint for given service conditions and 
cost is provided in the following detailed discussion of the principal 
types of joints. 

Butt joints are of several types, each having a number of vana* 
tions. However, the general classification lists butt joints as square, 
vee bevel, U and J. 
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Th e square butt joint Fig. 73, is suitable for all usual loads and re- 
quires full and complete fusion, particularly when load is of fatigue 
or intermittent nature. The base metal for this type of joint must be 
good weldable steel since a large portion of the base metal is melted 
during welding. The thickness of plate on which the square butt joint 
is used is. generally %" or lighter when welded with metal electrode and 
34" or lighter with carbon electrode, although this type of joint has 
been used on other plate sizes. Preparation for welding this joint is 
simple, requiring only a matching of the edges of the plate, separated 
by a distance dependent upon the plate thickness. Because of the simple 
preparation, the square butt joint is low in cost. 



Fig. 73. Square butt joint. 


The single vee butt joint , Fig. 74, is suitable for all usual load condi- 
tions. It is generally used with plate thickness considerably greater than 
the square butt joint — 34" or heavier — although its use on thinner 
plate is not unusual. Preparation is more costly than the square butt 
joint and more electrode is used in welding. 

The double vee butt joint , Fig. 75, is suitable for all usual load con- 
ditions. It is used for plates of greater thickness than the single vee 
and for work which can be welded from both sides. Cost of preparation 
for welding is higher than for single vee butt joint but double vee re- 
quires approximately half as much electrode. Cost of machining should 
be weighed against the cost of welding and the joint selection made 
accordingly. 



Fig. 74. Single vee butt joint. Fig. 75. Double vee butt joint. 


The single U butt joint , Fig. 76, is suitable for all usual load condi- 
tions and is used for work of the highest quality. Replaces single or 
double vee joint for joining plates J4" to 34" thick although it is also 
used on heavier plate. For plates of this thickness, single or double vee 
would require a considerable amount of weld metal. Machining the 
plates to a single U reduces amount of weld metal needed but increases 
machining costs. The joint is welded from one side except for a single 
bead which is put in last on opposite side from the U. 



Fig. 76. Single U butt joint. Fig. 77. Double U butt Joint. 


The double U butt joint , Fig. 77, is suitable for all load conditions 
and is used for welding heavy plates — 34" and thicker — where the 
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welding can be done from both sides. This joint requires less weld 
metal than the single U but costs more to machine. Choice between 
double U and double vee should be made by comparing the machining 
and welding costs of the two, then selecting the joint which costs less. 




□ 


Fig. 78. Square tee joint. 


The square tee joint , Fig. 78, corresponds to the square butt joint 
in that no machining of plates is required. The square tee is used for 
all ordinary plate thicknesses, principally for loads which place the 
welds in longitudinal shear. For severe impact or heavy transverse loads, 
the non-uniform stress distribution of the joint should be kept in mind 
and the stress intensity of the application duly considered. The square 
tee requires more weld metal and therefore has higher welding cost 
than other types of tee joints . 

The single bevel tee joint , Fig. 79, is suitable for much more severe 
loads than the square tee , due to its better distribution of stress. It 
is employed, in most instances, for welding plates or thinner in 
work which can be welded from one side only. While more costly 
to machine than the plain tee , the single bevel tee joint is lower in 
electrode costs. 



Fig. 79. Single bevel tee joint. Fig. 80. Double bevel tee joint. 



The double bevel tee joint , Fig. 80, is suitable for heavy loads in 
longitudinal or transverse shear in joining heavy plate where welding 
can be done from both sides. Double bevel is somewhat higher than 
single bevel tee joint in machining cost, but has lower electrode cost 
than some other types such as plain tee , 

The single J tee pint. Fig. 81, is suitable for severe loads, and while 
it may be used for usual size plates, is generally applied to plates 1" 
and heavier. The welding is done from one side only. However, it 
is advisable to put in a final finish bead on the side opposite the J. 
Although somewhat more costly to machine than the single vee , the 
single J tee joint is lower in electrode cost. 
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The double J tee joint. Fig. 82, is suitable for exceedingly severe 
loads of all types in heavy plate — \ l /{ f and heavier — where welding 
can be done from both sides. Although the machining costs for- the 
double J tee are higher than for other types of tee joints , less electrode 
is required, consequently the cost per joint is reduced. 



The single fillet lap joint , Fig. 83, is frequently used and has the 
advantage of requiring practically no machining to fit the edges of the 
plate. When fatigue or impact loads are encountered, stress distribution 
should be carefully studied. Where loading is not too severe, the single 
fillet lap joint is suitable for welding plate of all thicknesses. 


} 

^ , 

5 

\ 


Z f 


HI' _ ( 


Fig. 83. Single fillet lap Joint. Fig. 84. Double fillet lap Joint. 


The double fillet lap joint , Fig. 84, is suitable for load conditions 
much more severe than can be met by the single fillet lap joint . In 
general, the two fillets should be full sise, although one fillet may be 
smaller than the other in some instances. Because of its lower cost, 
the double fillet lap joint is widely used. For extremely severe loads, 
the butt joint, Figs. 73 to 77, should be used. 

The flush corner joint , Fig. 85, is suitable where loads are not severe, 
or in welding plate 12-ga. and lighter. Although permissible for use 
on heavier plates care should be taken that loading is not excessive. 



Fig. 85. Flush corner Joint. 



The half open comer joint f Fig. 86, is suitable for loads where fatigue 
or impact are not severe. This joint is generally used on plates heavier 
than 12'ga. where the welding can be done from one side only. The 



44 


PROCEDURE HANDBOOK OF ARC WELDING 


“shouldering” effect of this type of joint aids welding by reducing 
the tendency to burn through the plates at the corner. 

The full'Open corner joint , Fig. 87, is suitable for severe loads in 
welding plate of all thicknesses where the welding can be done from 
both sides. When properly made, this joint is of such shape as to provide 
good stress distribution, thus permitting its application to fatigue or 
impact loads of all types. 




The edge joint , Fig. 88, is used in joining plates or thinner for 
light loads. Careful consideration must be given to the load conditions, 
especially impact and fatigue, as this type of joint is not suitable for 
severe loads. 


WELDING SYMBOLS AND INSTRUCTIONS FOR THEIR USE 
Courtesy of The American Welding Society. 

The specification example shown on Page SI is given through the 
courtesy of CarnegieTllinois Steel Corp. 

Introduction 

Welding cannot take its proper place as an engineering tool unless 
means are provided for conveying the information from the designer 
to the workmen. When structures are to be welded, simple and 
specific means must be used to convey the ideas of the designer 
to the shop. Such practices as writing “To be welded throughout” 
or “To be completely welded” on the bottom of a drawing, in effect, 
transfer the design of all attachments and connections from the de- 
signer to the welding operator, who cannot be expected to know what 
strength is necessary. This practice is costly , for certain shops, in their 
desire to be safe, use much more welding than is necessary. 

These symbols provide the means of placing complete welding 
information on drawings. Even though the legends, numerical data 
and the instructions involve a considerable mass of material, never- 
theless the successful use of the scheme depends so little on the 
memory, that hardly more than one reading of the instructions is 
necessary to obtain a working understanding of the system. 
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In practice many companies will probably need only a few of 
the symbols. If they desire, can make up their own legends to suit 
themselves, selecting such parts of the scheme as fit their needs. If 
this is done universally, we shall all be speaking the same language 
even though some use but a few of the symbols contained herein. 

It will be seen from Fig. 89 that the symbols are ideographic; 
that is, they are picture-writing symbols; they show graphically the 
type of weld required. The individual basic symbols become the 
building blocks with which compound symbols to indicate complicated 
welded joints composed of many welds, can be constructed. Every 
weld in the joint must be shown. 


ARC AND GAS WELDING SYMBOLS 


"" TYPE OF WELD 1 


WELD 

ALL 

AROUND 

FLUSH 

BEAD 

FILLET 

1 GROOVE 1 

PLUG 
& SLOT 

FIELD 

WELD 

SQUARE 

V BEVEL 

u 

J 



1 

N/ V 

V 

v> 

W 

• 

O 

— 

Ni 

EAR WELDS 

RAF 

rwecDs n 

[NE> 

a 

WELDS 

FIELD WELD. SEE NOTE 7 j 

“T ROOT \ 

FLUSH* OPENING-* 

- INCLUDED AN 

\ ■ ROOT 

SIZE* OPENING 

GLE-7 

40*'— 

SEE \ 
NOTE 7* 

rSIZE SIZE-i 

\ r increment /weld ALL 

OFFSET IF\ v PITCH OF 
STAGGERED*- INCREMENTS 


I. WELDS PARALLEL TO THE PLANE OF THE PAPER OR NEARLY SO, WITH 
FACES TOWARD READER ARE NEAR WELDS, THOSE WITH FACES AWAY 
FROM READER ARE FAR WELDS. ( USE SUFFICIENT VIEWS TO MAKE 

«« OR END VIEWS WITH FACES TOWARD THE ARROW 
ARE NEAR WELDS, THOSE WITH FACES AWAY FROM THE ARROW 
ARE FAR WELDS (USE SUFFICIENT ARROWS TO MAKE LOCATIONS CLEAR). 

3. WHEN ONE MEMBER ONLY IS TO BE GROOVED, 

ARROW POINTS TO THAT MEMBER. 

A NEAR AND FAR WELDS ARE SAME SIZE UNLESS OTHERWISE SHOWN. 

5. SYMBOLS APPLY BETWEEN ABRUPT CHANGES IN DIRECTION OF 
WELD, OR AS DIMENSIONED. 

6. ALL WELDS ARE CONTINUOUS AND OF USER’S STANDARD 
PROPORTIONS AND ALL EXCEPT V AND BEVEL GROOVE WELDS 
ARE CUOSED UNLESS OTHERWISE SHOWN. 

7. TAIL OF ARROW USED FOR SPECIFICATION REFERENCE. 


ALL DIMENSIONS IN INCHES 


Fig. 89. legend lor use on drawings specifying arc welding. 


The use of the words “far side”, “near side”, etc. in the past 
has led to confusion because it was often not clear as to whether 
“side” referred to member, joint or weld. In this scheme the facing 
of the weld in space is used as the criterion as to whether the weld is 
“near” or “far”, and the use of the symbols has been greatly simplified. 

Near and far welds are defined in notes 1 and 2 of Fig. 89 and 
the interpretations of these definitions are shown graphically in Figs. 
90 to 93 inclusive. It will be seen that the facing quickly shows 
whether or not the symbol is applicable to that view. If not, the 
welding must be shown in other views. 

The distinction between the symbols for the V" and bevel-grooved 
welds and the U- and J-grooved welds is not great. The draftsman 
should take sufficient care in the making of these particular symbols 
so that they do not become confused with each other. 

The field weld symbol is the black dot used by the structural 
industry to indicate field riveting. In the case of work actually erected 
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Fig, 90. Facing of fillet welds parallel to plane of paper. Fig. 91. Facing of groove and plug welds parallel to plane of paper. 
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in the field, just what constitutes field welding is simple. In the case 
of work done in the shop, yet done in the actual erection of the final 
product, the case is not so simple. An illustration of this obtains 
when work is done in the shop on an assembly line, such as is used 
in the automobile or car building industries. In this case, the in- 
dividual user must decide for himself whether such erection welding 
is shop welding or field welding. 

Appropriate finish marks have been found to be necessary, how- 
ever, recommendations as to what finish marks shall be used are not 
strictly within the province of the Committee. As soon as the Amer- 
ican Standards Association has definitely decided upon a system of 
finish symbols, it will be desirable for all concerned to adopt this 
system. In the meantime, however, a suggestion with regard to finish 
marks is made. It will be noted in Section IV of the Instructions 
that these finish marks merely suggest the means of finishing; that 
is, whether chipping, grinding or machining be used, and not the 
degree; they do not say whether a weld is to be rough or finish 
machined, rough or smooth ground, etc. Any such fine distinction 
must be made in the user’s standard manner until such time as a 
national standard is established. 

The location of the Symbols, numerical and other data on the 
reference line always has definite significance. This is depicted in 
Fig. 94 in which the standard manner of placing information on the 
Symbols is shown diagrammatically. Particular attention should be 
paid to the fact that the perpendicular leg of the weld should always 
be to the left as shown at the top of Fig. 94. 

The proper and improper use of the arrows to designate the 
member to be grooved is shown in Fig. 95. 

Adequacy of symbolizing like adequacy of dimensioning must 
be governed by the particular conditions involved. In Fig. 96 are 
shown certain examples of inadequate symbolizing together with a 
suggested solution of the problem. 

In Fig. 97 are shown proper and improper applications of the 
intermittent weld symbols. 

A new feature incorporated in this revision is the use of the 
tail of the reference line for designating the welding specifications 
to be used in the making of the weld. If a welding operator knows 
the size and type of weld, he has only part of the information neces- 
sary for the making of that weld. The process, type and make of 
filler metal that is to be used, whether or not peening, or chipping 
are required and other pertinent data must be known before he can 
start the work. The specification to be placed in the tail of the 
reference line at present will have to be handled by each individual 
company which will set up its own requirement in any manner it 
sees fit, and it is hoped that in time a national set of standards will 
be prepared to coordinate the various specification processes in use. 
Steps in that direction are now under consideration. Such matters 
as stress-relief annealing, and final cleaning of the product cannot 
be referred to on the symbol because such treatment is applied to 
the product as a whole and not to a particular weld. 




WELDS WITH FACES NEITHER TOWARD NOR AWAY FROM FROM READER MUST BE 
SHOWN IN OTHER VIEWS. 
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Fig. 94. Standard location of information on welding symbols. Fig. 95, Use of arrows in section or end view to indicate which 

member is to be grooved, when welds are not shown. 





IMPROPE 
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Fig. 96. Adequacy of symbolizing. 





TECHNIQUE OF WELDING 


51 


An example of a specification set up is shown in the table below. 


Specifi- 

cation 

Number 

Process 

Filler 

Metal 

Chipping 

Root 

Peening 

Preheat 

Specifi- 

cation 

Number 

A1 




None 

None 

A1 

A2 



None 

Yes 

A2 

A3 



Yes 

None 

A3 

A4 


MILD STEEL 


Yes 

A4 

A5 


(A.W.S. No. — ) 


None 

None 

AS 

A6 



Yes 

Yes 

A6 

A7 



Yes 

None 

A7 

A8 




Yes 

A8 

A9 




None 

None 

A9 

A10 



None 

Yes 

AlO 

All 

Shielded 

Metal-Arc, 

Manual, 

D. C. 


Yes 

None 

All 

A12 

HIGH TENSILE 
STEEL 

(A.W.S. No. — ) 


Yes 

A12 

A13 


None 

None 

A13 

A14 



Yes 

Yes 

A14 

A15 

■ 


Yes 

None 

A15 

A16 




Yes 

A16 

An 



None 

None 

None 

A17 

A18 


18-8 CORRO- 
SION RESIST- 

Yes 

None 

A18 

A19 


ING STEEL 
(A.W.S. No. — ) 

Yes 

None 

None 

A19 

A20 



Yes 

None 

A20 

A21 


HARD 
SURFACING 
(A.W.S. No. 

None 



A21 

All 



A22 


SPECIFICATIONS FOR MAKING INDIVIDUAL WELDS 

The symbols, together with the specification references, provide 
a shorthand system whereby a tremendous volume of information 
may be accurately indicated with a few lines and a minimum amount 
of numerical data. This is illustrated in Fig. 98, where the words 
necessary to convey the information given by the symbol would make 
a very long paragraph. 

The use of the symbols on a machinery drawing is shown in Fig. 
99, and on a structural drawing in Fig. 100. In these views examples 
of the use of the specification references are given. 
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In Fig. 101 are shown the resistance welding symbols. There 
are many similarities between the resistance and the arc welding 
symbols and three principal differences. The resistance symbols are 
only partially ideographic. The arc symbols designate the size of 
the weld, whereas the resistance welding symbols call for the strength 
of the required weld. This difference is necessary because in spot, 
projection and seam welding, the weld is inaccessible and therefore 
cannot be gaged as in fusion welding. Except for the case of pro* 
jection welding where near and far refer to the member to be em- 
bossed, the resistance welding symbols have no near and far significance. 
Supplementary symbols such as those for “'finish” have their usual 
near and far significance when used on resistance welding symbols. 

The individual company may use just as much or as little of the 
system as it sees fit, and the system may be used in any of the 
various ways listed below: 

(a) All symbol legends and explanatory matter may be issued 
as company standards on sheets separate from the drawing in ques- 
tion; that is, the draftsman may have explanatory supplementary 
sheets as well as machinists, welding operators, inspectors, etc. See 
remarks under "Introduction”. 

(b) Legends and specification references may be placed on the 
drawing so that the latter is completely self-explanatory. 



INTERPRETATION OF SYMBOL: 

double-fillet-welded. PARTIALLY-GROOVED. 
DOUBLE-J. TEE-JOINT WITH INCOMPLETE PENETRATION. (TYPE OF 
JOINT iWOWN BY QR AWING.) GROOVES OF STANDARD PROPOR- 
TIONS (WHICH ARE, l/2“R. 20* INCLUDED ANGLE, EDGES IN CONTACT 
BEFORE WELDING) 3/4" DEEP FOR FAR WELD AND I- 1/4" DEEP FOR 
NEAR WELD. 3/6“ CONTINUOUS FAR FILLET WELD AND 1/2" 

INTERMITTENT NEAR FILLET WELD WITH INCREMENTS 
2" LONG, SPACED CENTER-TO-CENTER. ALL FILLETS STANDARD 
45' FILLETS. ALL WELDING DONE IN FIELD IN ACCORDANCE WITH 
WELDING SPECIFICATION NUMBER A2 (WHICH REQUIRES THAT WELD BE 
MADE BY MANUAL DC SHIELDED METAL-ARC PROCESS USING HIGH- 
GRADE. COVERED. MILD STEEL electrode; THAT ROOT BE 
UNCHIPPED AND WELDS UNPEENED BUT THAT JOINT BE 
PREHEATED BEFORE WELDING) 


Fig. 98.^ Comparison between symbolic and verbal methods 
of conveying welding information. 
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(c) In either of the above cases, the welds may be drawn in sections 
and the symbol give only that information that is not obvious, such as 
size of weld, length of increment, etc. 



Fig, 99, Typical machinery drawing showing use oi symbols. 
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(d) In either of the cases (a) and (b) above, the welds may not 
be drawn in section and complete information conveyed by symbols. 

(e) The symbol legends, specification references and standard notes 
may be printed on the tracing or may be placed on tracings or prints 
by rubber stamps or any other means. 


f RESISTANCE WELDING SYMBOLS I 

TYPE OF WELD iFIELDl 

WELD ALL 
AROUND 

FLUSH 

SPOT 

PROJECTION 

SEAM BUTTWELD 

* 

X 

XXX 1 • 

O 

— 

STREW 
OF 1001 

yt 

GTH IN UNITS STRENGTH IN UNITS STRENGTHEN 1 

JBS PER WEL0\OF IOOLBS PER UNEAR IN.^ OFIOOLBS PER 3 

JNIT3 

SQ.IN\ 

\ FIELD WELD \ \fLU3H -SEE NOTE Z 

^•PITCH IN ROW 7 NEAR SIDE 

1. SYMBOLS APPLY BETWEEN ABRUPT CHANGES IN 
DIRECTION OF WELOOR AS DIMENSIONED. 

2. TAJL OF ARROW USEb FOR SPECIFICATION 
REFERENCE. 


ALL DIMENSIONS IN INCHES 


Fig. 101. Legend lor u*e on drawings specifying resistance welding. 


INSTRUCTIONS FOR USE OF WELDING SYMBOLS 
I General 

(a) Do not use the word “weld” as a symbol on drawings. 

(b) Symbols may or may not be made freehand as desired. 

(c) Inch, degree, and pound marks may or may not be used 
as desired. 

(d) The symbol may be used without specification references 
or tails to designate the most commonly used specification 
when the following note appears on the drawing: 

“Unless otherwise designated, all welds to be made 
in accordance with welding specifications No " 

(e) When specification references are used, place in tail, thus: 

^ BB^ ^ 

(f) Symbols apply between abrupt changes in direction of weld 
or to extent of hatching or dimension lines. 

(g) Faces of welds assumed to have user’s standard contours 
unless otherwise indicated. 

(h) Faces of welds assumed not to be finished other than 
cleaned unless otherwise indicated. 

(i) All except plug, spot, and projection welds assumed con* 
tinuous unless otherwise indicated. 

(j) All execept V- and bevehgrooved welds are assumed to 
be closed unless otherwise indicated. 
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II Metal" Arc Welds 
1. General 

(a) Do not put symbol directly on lines of drawing; place 
symbol on reference line and connect latter to joint with 
arrow, thus: 

(b) For near welds show symbol on near side of reference 
lines, face toward reader, thus: 

>T^ >7^ 

(c) For far welds show symbol on far side of reference line, 
face away from reader, thus: 

\ n ^ \ \/ ^ y tz.-^ 

(d) For both near and far welds show symbols on both sides 
of reference line, faces toward and away from reader, thus: 

(e) For welds parallel to the plane of the paper or nearly so, 
near and far refer to the nearest welds or groups of welds 
and not to others on members or parts of members more 
remote. 

(f ) Show near welds in section and end views by pointing the 
arrow in such a way that the face of the weld is or will 
be toward the arrow; see Fig. 92. 

(g) Show far welds in section and end views by pointing the 
arrow in such a way that the face of the weld is or will 
be away from the arrow; see Fig. 92. 

(h) If the face of a weld parallel or nearly so to the plane 
of the paper is or will be neither toward nor away from 
the reader, the symbols are not applicable: see Fig. 93. 
The weld should be shown in another view. 

( i ) If one of the welds of a compound weld parallel or nearly 
so to the plane of the paper is or will be located in such 
a way that the face of that weld is neither toward nor 
away from the reader, a compound symbol should not 
be used, even though other unit welds in that group may 
face either toward or from the reader; see Fig. 93. The 
compound weld should be shown in another view. 
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( j ) Where several welds are involved in one group and there 
is a possibility of ambiguity, use sufficient number of 
symbols to adequately convey the desired information; 
see Fig. 96. 

(k) Where one member only is to be grooved, show arrow 
pointing to that member with the arrow practically per- 
pendicular to the face of the desired weld; see Fig. 95. 

( 1 ) Read symbols from bottom and right-hand side of draw- 
ing in the usual manner and place numerical data on ver- 
tical reference lines so that reader will be properly 
oriented, thus: 



(m) Show symbol for each weld in joints composed of more 
than one weld, thus: 



(Give numerical data in proper location with regard to 
each symbol.) 

(n) In complicated joints requiring large compound symbols 
two separate sets of symbols may be used if desired. 

(o) Show dimensions of weld on same side of reference line 
as symbol, thus: 


40 ° 



(p) Show dimensions of one weld only, when near and far 
welds are of the same size, thus: (If size of undimensioned 
fillets is governed by note on drawing, all weld sues dif- 
ferent from that covered in the note must be given.) 


>1^ >Lj-^ 

(q) Show dimensions for both welds when near and far welds 
are different, thus: 
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(r) Indicate specific lengths of welds in conjunction with 
dimension lines, thus: 



(s) Show the welding between abrupt changes in direction of 
the weld, thus: 



( t) When it is desired to show extent of welds by hatching, 
use one type of hatching with definite end lines, thus: 





-< 


3 

« 6 ” . 

t r . 

j , 

. i 

i *** . 




(u) If actual outlines of welds are drawn in section or end 
elevation, basic symbol is not necessary to show type 
and location; site or other numerical details only need to 
be given, thus: 



(v) Show fillet, bevel and Jbgroove weld symbols with per- 
pendicular leg always to the left hand, thus: 

2. Bead Welds 

(a) Show bead welds used in building up surfaces (sise is 
minimum height of pad) thus: 
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(b) When a small but no specific minimum height of pad is 
desired, show thus: 

3. Fillet Welds 

(a) Show size of 
leg, thus: 

'>w~^ r 

(b) Show specific length of fillet weld or increment after 
size so that data reads from left to right, thus: 



( c ) Show center'to-cemter pitch of increments of intermittent 
fillet welds after increment length so that data reads from 
left to right, thus: 



(d) Use separate symbol for each weld when intermittent and 
continuous fillet welds are used in combination. 

(e) Show two intermittent fillet welds with increments oppo" 
site each other (chain) thus: 

( f ) Show two intermittent fillet welds with increments not 
opposite each other (staggered) thus: 



(g) Measure pitch of intermittent fillet welds between centers 
of increments on one side of member. 

(h) Increments and not spaces assumed to be at ends of all 
intermittent welds and overall length dimensions govern 
to ends of those increments, thus: 


> 






fillet weld to the left of the perpendicular 




, Ki > ■ 
ncorrect) 





W \M 
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( i ) Faces of fillet welds assumed to be at 45° from legs unless 
otherwise indicated. 

( j ) When the face of a fillet weld is to be at any other angle 
then 45°, two dimensions are necessary to fully designate 
the size of the weld. Place these dimensions in parentheses 
so that the two dimensional size data will be a single entity 
and will not be confused with length of increment and 
spacing data. Show on drawings positions of legs relative 
to members. 



4. Grooved Welds 

(a) Show side from which square-grooved weld is made by 
bead or flush symbol, thus: (see III, 4a; IV, c; and IV, e) 

>±^ >±^ 

(b) Total penetration of square-grooved welds assumed to be 
complete unless otherwise indicated. 

( c ) Show size of square-grooved welds (depth of penetration) 
when penetration is less than complete, thus: 



(d) Show root opening of open, square-grooved welds inside 
symbol, thus: 


/lET 

(e) Total depth of V- and bevel-grooves before welding as- 
sumed to be equal to thickness of member unless otherwise 
indicated. 

(f) Show size of V- and bevel-grooved welds (depth of single 
groove before welding) when grooving is less than com- 
plete, thus: 




W' 



1 Z^ttlVLiJUtL Ut W J1L*JJUS Cr 


01 


(g) Total depth of penetration of V' and bevehgrooved welds 
assumed complete, unless with usual welding processes, 
depth of grooving is such that complete penetration is not 
possible, when depth of penetration is assumed to be depth 
of groove plus normal penetration. When using welding 
processes giving abnormal penetration, give information on 
latter by detail or note, (see IV, j). 

(h) Root opening of V" and bevebgrooved welds assumed to 
be user’s standard unless otherwise indicated. 

( i ) Show root openings of V- and bevebgrooved welds when 
not user’s standard, inside symbol, thus: 



(j) Included angle of V- and bevebgrooved welds assumed 
to be user’s standard unless otherwise indicated. 

(k) Show included angle of V- and bevel-grooved welds when 
not user s standard inside symbol, thus: 







( 1 ) Proportions of IT and J-grooved welds assumed to be 
user’s standard unless otherwise indicated. 

(m) Show size of IT and J'grooved welds (depth of single 
groove before welding) having user’s standard proportions 
but incomplete penetration, thus: 


XtT' 

(n) When proportions of U- and J-grooved welds are not 
user’s standard, show weld by detail or reference drawing 
and use reference symbol, thus (see IV, j) : 



> 


■rpr 

37«r\ 


v DWG. / ^ 

\w-)92 

/nT 


(o) Show welding done from root side of single grooved welds 
with bead weld symbol, thus: 
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5. Plug and Slot Welds 

(a) Show size of plug and slot welds (root opening and root 
length), thus: 



(Root opening equals root length for plug welds.) 

(b) Included angle of bevel of plug and slot welds assumed 
to be user’s standard unless otherwise indicated. 

( c ) Show included angle of bevel of plug and slot welds 
when not user’s standard, thus: 



(d) Show pitch of plug and slot welds in row, thus: 



(e) Show fillet welded holes and slots with proper fillet weld 
symbols and not with plug weld symbols. 

Ill RESISTANCE WELDS 
1. General 

( a ) Center resistance welding symbols for spot and seam welds 
on reference line because these symbols have no near and 
far significance; see Fig. 101, (also refer to IV, h) but do 
not center projection welding symbol because the latter 
has such significance. 

(b) Designate resistance welds by strength rather than size 
(because of impracticability of determining latter). 

(c) Spot and seam weld symbols may be used directly on 
drawings, thus; but projection weld symbols should not. 



(d) When not used on lines of drawing, connect reference 
line to center line of weld or rows of welds with arrow, 
thus: 
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(e) Show welds of extent less than between abrupt changes 
in direction of joint, thus: 





(f) When tension, impact, fatigue or other properties are 
required, use reference symbol, thus: (see IV, j) 

> NOTE . v NOTE \/ - v I MOTEv A A / \ N0 I E j 

\ jzl — [ — ** 

2. Spot and Projection Welds. 

(a) Show strength of spot and projection welds in single shear 
in units of 100 pounds per weld, thus: 

(b) Show strength and center-to- center spacing of spot and 
projection welds in row, thus: 

'yXjLS' 

(c) Proportions of projections assumed given on drawing. 

(d) In a projection welded joint parallel or nearly so to the 
plane of the paper, show whether the near or far member 
is to be embossed by placing the projection weld symbol 
on the near or far side of the reference line, thus: 



(e) In a projection welded joint shown in section or end view, 
dhow which member is to be embossed by pointing arrow 
to that member, thus: 




SIGNIFICANCE 


SIGNIFICANCE 
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3. Seam Welds 

(a) Seam welds assumed to be of overlapping or tangent 
spots. If any spacing exists between spots, welds con- 
sidered a series of spot welds, and spot symbol should 
be used. 

(b) Show shear strength of seam welds in units of 100 pounds 
per linear inch, thus: 

/■-AAA 


4. Butt Welds 

(a) Show resistance butt welds without bead weld symbol 
signifying that weld is not made from any side, but all 
at once, thus: (See II, 4a) 

y-h' 

( b ) Resistance butt welds assumed to be equal to strength 
of base metal in tension unless otherwise indicated. 

(c) When a different strength is desired, show strength of 
butt welds in tension in units of 100 pounds per square 
inch, thus: 



IV SUPPLEMENTARY SYMBOLS 

(a) Show “field"" welds (any weld not made in shop), thus: 

<b) Show “all around” welds (weld encircling member insofar 
as possible), thus: 

(c) The location of the flush and finish symbols have the usual 
near and far significance and govern only the sides on which 
they are shown. 

(d) Finish marks govern faces of welds only and not base 
metal either before or after weldinf. 
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Strength of Welded Joints . — Calculation of the designed strength 
of any welded joint should include consideration of the following factors : 

(1) Strength of weld metal. 

(2) Type of weld. 

(3) Location of weld in relation to parts joined. 

In calculating the strength of fillet welds, a unit stress of 13,600 
lbs. per square inch is usually employed for tension, shear and compress 
sion since in practically every fillet weld shear is present. 


Safe Allowable Loads for Fillet Welds in Shear 


Size of Fillet Weld 

Pounds per Lineal Inch — “Fusion Code” (Structural) — A.W.S. 

H* 

1200 

w 

1800 

W 

2400 

Jfi' 

3000 

H" 

3600 

w 

4800 

H’ 

6000 

H" 

7200 


For dynamic, vibrational or lifting loads, the unit stress of fillet 
welds, or the strength per lineal inch, should be reduced, depending 
upon the severity of the load. 

Approximately Y4' should be added to the designed length of fillet 
welds for starting and stopping the arc. The crater in the welds should 
be filled. 

In the table. Page 67, is given the proper lengths of various sizes 
of fillet welds having shear values equivalent of various sizes of rivets. 

The working strength of butt welds , of 100% penetration into the 
base metal, is usually calculated by multiplying the net cross sectional 



Fig. 102. Tr«*avers«> weld# are stronger than wolds pocrallol to linos of stross. 
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area through the throat of the weld by 15,600 lbs., for tension — by 
13,600 lbs. for shear — by 18,000 lbs. for compression. 

The location of the welds in relation to the parts joined, in many cases, 
has an effect on the strength of the welded joint. As an example, repeated 
tests reveal that, when other factors are equal, welds having their 
linear dimension transverse to the lines of stress are approximately 
30% stronger per average unit length than welds with linear dimension 
parallel to lines of stress. This is depicted graphically in Fig. 102, and 
is due to the stress distribution along the bead. 
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If the load on the weld is to be properly distributed the welds should 
be located so as to take account of the shape of the sections joined. An 
example is illustrated by Fig. 103. The ratio of the lengths of the welds 
at heel and toe of the angle is such that there will be no tendency for the 
angle to turn and thus cause eccentric loads on the joint. . 

Resistance to a turning effect of one member at a joint is best obtained 
by welds well separated rather than by a single weld or welds close 


ZxJvjl. 
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Fig. 103. Example of correct lengths of welds for equal load distribution. 


together. In Fig. 104 a single weld at A is not as effective as welds at 
both A and B in resistance to turning effect. Two small welds at A and 
B are much more effective than a large single weld at A or B only. 



Fig. 10-4. Example of proper placement of welds to resist turning effect of one member 
at the joint. 

If possible, welded joints should be designed so that bending or prying 
action is minimized. Symmetrical joints are most desirable as they are 
very much stronger than non-symmetrical joints, the stress in symmetrical 
joints being more evenly distributed. 

In some designs it may be desirable to take into account the distribu- 
tion of stress through the welds in a joint. It is known that any abrupt 
change in surface (for example, a notch or saw cut in a square bar under 
tension) increases the local stress or causes stress concentration. As an 
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Fig. 105. Example of lap weld having poor distribution of stress through weld. 



Fig. 106. Example of lap weld having a more even distribution of stress through weld. 




Fig. 107. Example of lap weld in which there is a fairly uniform transfer of stress 
through the weld. 


illustration of this principle, the weld, Fig. 105, will have considerably 
more concentration of stress than that in Fig. 106. Figure 107 allows a 
much more uniform transfer of stress with a resulting minimum of stress 
concentration. In many cases such concentration of stress might be small 
and of minor consequence. However, in heavy or repeated loadings 
this matter should have the attention of the designer. 

Stress in a weld having its linear dimension approximately parallel 
to the line of force is not evenly distributed. Under many load conditions, 
not at all unusual, the stress is greater at the ends of the weld than in the 
middle. It is therefore advisable in certain conditions to hook the bead 
around the joint as indicated in Fig. 108. When this is done, far greater 
resistance to a tearing action on the weld is obtained. 


Y 

* ^ V 

K ICXXK X *V X XXX 

y - 

X 

X 

X 

X 

1 

1 

1 

! 

i 

o 

X 

X x XXX 

>~T^ 

ymm 


Fig. 108. Example of welds booked around the corners to obtain resistance to tearing 
action on welds when subjected to eccentric loads. 
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These allowable loads are based on a stress of 13,600 lbs./sq. in. in 
throat section as specified in Structural Code of A. W. S. They are 
conservative, being based on a factor of safety of about 5, since weld 
metal has 60,000 to 65,000 lbs./sq. in. ultimate strength. 

In many cases it may be exceeded by 20% or more, depending upon 
the type of load and character of joint. Then, it would still give factor 
of safety of about 4. 

Stress Calculations — In only a few cases is the stress uniformly dis- 
tributed. However, in designing it is customary to make the assumption 
that stress distribution is uniform in all cases. Any condition which 
seriously interferes with this assumption must be given thoughtful con- 
sideration. On this basis the following methods may be used: 

The following methods may he used as guides in estimating weld 
dimensions to meet designed strength requirements . 

Assume a plate to which a bar or strap is welded, as in Fig. 109. 
Direct tension, no bending or eccentric loading resulting in shear on the 
beads. The load is known and dimensions of the plate are known. 

If P = load 

S = stress in lbs. per sq. in. in plate 
t = thickness of plate 
and b = width of plate 
then P == S x t x b 



The structural code permits 13600 lbs. per sq. in., in shear on throat 
area. The load value of a 1-inch fillet weld in longitudinal shear is 9600 
lbs. per lineal inch with shielded arc type electrodes (.707 x 13600 = 
9600) . With other types of electrodes, load values will be lower. 

Two beads of equal length and siz ;e equal to plate thickness are used 
in Fig. 109; consequently the total bead capacity is 2 x t x 9600 lbs. per 
lineal inch. Since load equals S x t x b, the effective length of weld per 
side will be 

j S x t x b __ Sxb 

”* 2 x t x 9600 — 2 x 9600 

As an example, assume that S equals 16,000 lbs. per sq. in. unit 
stress. 


16,000 x b 


Then, L = 


2 x 9600 


= .833 b 
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If unit stress in the plate is expressed in Kips (1000 lbs.) per sq. in., 
multiply this by plate width (inches) and divide by 19.2 to obtain 
effective length of bead per side, e. g. : 

bxK 

19.2 

Where 
K = Kips 

The following tabulation, which may be extended, is an example: 


bx K 
19.2 


Effective length of bead each side 



The same method can be used for estimating effective lengths of 
beads for joining angles to plate as in Fig. 110, where the legs of the 
angle are equal. 



Fig. no. 
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If t equals thickness and a equals length of leg, then the area is 
approximately: 

A = t (a r a — t) 

= t (2a — t) 

= 2ta — t 2 

Since the t 2 may be dropped and still retain an ample margin of 
safety, the area becomes 2 ta. Load is, therefore, 2ta x S. Assuming bead 
capacity as t x 9600 and calculating bead length as outlined for Fig. 109, 
we have: 


2tax S 
t x 9600 


2aS 

9600 


= total bead length 


In angle connections of the type shown in Fig. 110, it is customary 
to proportion the beads inversely as their distance from the center of 
gravity. Therefore, in proportioning the two beads, the shorter bead 
(at toe of angle) will be '/ 3 of the total bead length since the distance from 
the center of gravity to the heel of the angle is J/3 a. The shorter bead 
will then be 

I v 2aS _ 95 = _aK 
3 X 9600 14400 14.4 


As an example, again assume that S equals 16,000 lbs. per sq. in. 
unit stress. Then shorter bead will be 


- ^ ^ = 1.11a (a being length of leg) 

14.4 


This is for unit stress of 16,000 lbs. per sq. in. in angle. Using the 
more general expression for length of the short bead, we should have: 

2a K aK 

3 X 9600 14.4 

The short bead of a 3 "inch angle with 18,000 lbs. per sq. in. unit 
stress, welded as in Fig. 110, would be: 

18 

3 x —— = 3.75 inches 
14.4 

The longer bead would, of course, be twice the shorter or 7.5 inches. 

Expressed as a general statement, multiply unit stress in angle in 
Kips by length of leg and divide by 14.4 to obtain length of shorter bead. 

a x K 

—— The longer bead is twice this value. 

14.4 

A few examples will illustrate how tabulations of bead lengths for 
angles may be quickly made. 
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Length of Bead (Shorter) . Equal Leg Angles. 


Angle 

! 


Length of Bead - 

- Inches 





Unit Stress in Anele-Kips 




8 

10 

12 

14 

16 

18 

20 

2x2 

1.11 

1.39 

1.67 

1 94 

2.22 

2.5 

2.78 

3x3 

1.67 

2.08 

2 5 

2.93 

3.33 

3.75 

4.17 

4x4 

2 22 

2.78 

3.34 

3 38 

4.44 

5.0 

5.56 


Longer bead = two times length of shorter bead. 

Obviously a less approximate method would be to use the dimensions 
of the angle as given by the steel manufacturers. On the basis of unit 
stress in angle of 20,000 lbs. per sq. in. — which figure is used because 
of the ease with which values at other stresses may be obtained — e. g., 
at 18,000 lbs. per sq. in. — 

bead length= "^^ or .9 length as given in table. 

The following illustrative tabulations are given: 


Size of Angle 

Area 
Sq. In. 

Distances Bead 
to Center of 
Gravity 

Load 
(Kips) 
Area x 20 
Kips 

Length Beads 

*L i = Load x X* 

L 2 = Load x Xi 

Xi 

x 2 

a x 9.6 x t 

a x 9.6 x t 

2 

x 2 

x y A 

.94 

1.41 

.59 

18.8 

2.31 

5 52 

2 

x 2 

x yi 

1.36 

1.36 

.64 

27.2 

2.45 

5.13 

2K 

x2V a 

xK 

1.19 

1.78 

.72 

23.8 

2.85 

7.07 

3 

x 3 

xX 

1.44 

2.16 

.84 

28.8 

3.37 

8.65 

3 

x 3 

x yi 

2.11 

2.11 

.89 

42.2 

3-48 

8.25 

4 

x 4 


1.94 

2.91 

1.09 

38.8 

4.4 

11.8 

4 

x 4 

x yi 

2.86 

2.86 

1.14 

57.2 

4.55 

11.3 

4 

x 4 


3.75 

2.82 

1.18 

75. 

4.6 

11.0 


*It is usual to make this bead somewhat smaller in size than “t” and 
therefore longer than indicated above, because of shape of angle edge. 


Type of Joint 

Throat Area 
One Bead 

Unit Stress 
Lbs./Sq. In. 

Size of 

Bead 


! 

.707 t 1 

K = Unit Stress in 

Kips in bar 

11 

h_ | ;->• 

= L 

I ss Effective 

> T 7 t_ l J BdR 


t b (1000) 

length one 
bead 

>T7p? l 1 


K = Unit Stress in 
Kips 

(1 _ aK 

--*1 

.707 1 1 

15 

UMGLE 

a =* length of leg 
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Other interesting data may be worked out on the same basis, i.e., 
uniform stress distribution. Assume a plate of breadth b and thickness 
t transmitting a load. Then for the same unit stress in the plate the 
following is true. 
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Type of Joint 

Volume of 
Bead 

Unit Stress 
in Bead 

Ratio of Unit 
Stresses in 
Bead 

Volume for 
Same Unit 
Stress in 
Bead 

Ratio of 
Volumes 
for Same 
Stress 

x 60 \ 

t 2 b 

L 


t 2 b 



V3 

t b 

1 ! 

V3 

1 

i kf 4S * 

k 

t 2b 

2 

V2L 

tb 

y/2 or 1.414 

; 

t 2 b 

1.73 or V3 

-4-w^* 

\/3 t 2 b 

2 

2 L 

V3tb 

2V3 

3 ° r 

1.1153 

2V3 t 2 b 

3 

2 


STUDY OF STRESS DISTRIBUTION IN WELDED JOINTS 

By means of rubber models — If, in one part of a structure, the stress 
is high as compared to another part it is obvious that the high stress 
will be the governing factor in determining the load capacity of that 
member. If, however, the stress is uniformly distributed, more load can 
be carried or a smaller section can be used for a given load with a resultant 
cost reduction. See Page 210. The problem of stress distribution caused 
by a given load should therefore be approached not from that of eliminat- 
ing high stress at one particular point to meet specific load condition at 
that point, but to meet all load conditions at all points with a maximum 
efficiency. Even though the maximum stress is rather low, if the uni- 
formity of its distribution is improved the cost is reduced. By proper 
study, it is possible to obtain highly uniform stress distribution. 

A simple, inexpensive and effective method of studying stress dis- 
tribution is by means of two-dimensional rubber models. Rubber of 
uniform thickness, ruled in squares is generally used. On the rubber 
is laid out the type of joint to be studied. The joint is cut out so that in 
effect the result is a two-dimensional joint in rubber. See Fig. 111. The 
joint is then subjected to loads (generally tension) and the deformations 
are studied. The method of studying is as follows: 

After the particular joint to be studied has been cut out of rubber, the 
dimensions of the squares are measured at various points. By pulling 
the sample and observing the change in dimensions it will be evident 
where the points of maximum deformation occur and squares will be 
measured at these points, at points where minimum deformation occurs 
and at the points where the stress is distributed uniformly. The load is 
then removed and the squares measured at these points. 
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The load is changed and the dimensions of the squares are measured 
again at these same points. In like manner, several loads of various 
amounts are applied and measurements are made for each load. The 
dimensions of the squares under load are of course, greater than under 
no load. The difference between the load dimensions and the no-load 
dimensions give an indication of the stress value at that particular point 
because they indicate the distortion at that point. 

The ratio of the deformation at a point stressed above the average 
to the deformation at a point of uniform stress is the ratio of stress 
distribution. 

Knowing this stress ratio and the value of the actual stress at the 
point of uniformity obtained from the design calculation, this higher 
stress is obtained by multiplying this uniform stress by the stress ratio. 
If this ratio is too high and a more uniform distribution is sought then 
modifications of the joint must be made and the operation repeated. After 
a reasonable amount of practice in the use of this method, the modifica- 
tion necessary to produce a uniform stress distribution will become 
apparent. 



Fig. HI (above). 


Fig. 112 (below). 


It is sometimes convenient to place two joints on the same specimen 
so that they may be compared directly while subjected to the same load. 
Such a method is used in comparing a standard type of joint to a proposed 
non-standard joint or a joint of characteristics which may not be par- 
ticularly satisfactory. For example, note in Fig. Ill and Fig. 112 the 
extremely heavy reinforcement on the right as compared to a normal 
amount of reinforcement on the left. 



Fig. 113 (above). 


Fig. 114 (below). 
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At the outer edges of the reinforcement the stress is very low while 
in the center of the joint it is higher, indicating an uneven stress distri' 
bution and a poor use of material and a relatively high cost. Reduction 
of the reinforcement results in improvement of the quality of the joint 
and a cost reduction. It is evident that the stresses are not particularly 
high but that the use of the material is not particularly good. 

A single-bead lap joint shown in Fig. 113 and Fig. 114 is compared 
to a riveted joint shown in Fig. 115 and Fig. 116. Note the nomunh 
formity of stress distribution in the riveted joint and the relative excess of 
material. 



Fig. 115 (aboT«), 


Fig. 116 (below). 


On the riveted joint shown in Figs. 115 and 116 the plate and rivet 
are integral which is not the case with an actual riveted joint. Moreover, 
it should be noted that in these samples, no clamping action exists as 
would be the case in steel riveted joints due to the contraction of the rivet. 

A study of these joints as exemplified in the two simple examples 
shown, indicates that the stress conditions existing in a joint may be 
studied readily, permitting the designer a method of obtaining a more 
uniform stress distribution and therefore better performance and lower 
cost. Because of the ease with which welding can be used in fabrication 
of parts and the control of the shape of those parts by welding, adjustment 
in the shape of these parts can be made so that every part is utilised to 
the best possible advantage. 

Study of Stress Distribution by Means of Celluloid Models. — A 

method of study of stress distribution has been outlined under previous 
paragraphs and it would be well to read again the remarks made 
therein as to the desirability of obtaining uniform stress distribution 
and the effect this has on the reduction of costs. 

Another method of study of stress distribution is that based on 
the study of a stressed model of a suitable material, such as celluloid. 
This model is placed in a beam of polarized light and the resultant 
effect upon the polarized beam is studied, affording a simple, quick 
and reliable method of studying stress relationship. It is not necessary 
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to go into any elaborate mathematical calculations (numerous text 
books cover this subject). 

The method consists of passing a beam of polarised light through 
some isotropic transparent substance, such as celluloid. When this 
material, such as celluloid, is stressed, there is an effect upon this 
beam of polarized light which is indicated by colors, different bands 
of colors, and different arrangements of these bands. If a model is 
made of a joint to be studied, and this model is subjected to load, 
the resultant stresses will affect the light beam and these effects may 
then be observed. Methods are available for the determination of the 
values of the stresses, and the paths of the stresses, but these involve 
rather long mathematical calculations. 

If celluloid is used, polarized light projected through it before the 
celluloid has been stressed will show a rather dark gray image. If 
tension is applied to the celluloid, the first color projected will be 
yellow. The slow increase of the tension will change the color from 
yellow to orange. A continued slow steady increase of the tension 
will change the orange to red, then to violet to blue to green. If the 
celluloid is continued to be stressed the projected color will turn from 
green to yellow and through the various colors of the spectrum in the 
order previously named. These series of spectra will continue as long 
as the celluloid is stressed until it breaks. Slow release of the tension 
will reverse the projected series of color. Thus, assuming that the 
tension is released while green is being projected, the color will change 
to blue to violet to red to orange to yellow. 

The application of this method in the study of stress distribution 
of welded joints is accomplished by the cutting of celluloid models 
in exact replica of the welded joint to be studied. A sample is then 
inserted in the polariscope and polarized light projected through it 
onto a projection surface of screen. Stress is applied to the celluloid 
or screen model, and its distribution will be shown in the image projected. 
The intensity and concentration of the stress is indicated by the various 
spectral colors, as mentioned previously. 

The study of stress distribution in welded joints by means of 
polarized light will reveal that the shape of the joint or part has a 
marked effect upon the distribution of stress. 



It will be found that in a heavily reinforced single vee butt joint 
the stress is localized at the edges of the bead and the top of the 
reinforcement carries practically no stress. Fig, 117 shows shape of 
celluloid model used for inspecting stress distribution in this type of 
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joint. If the reinforcement of the weld is reduced so that there is a 
less abrupt change in contour at the junction of the weld with base 
metal, as represented by the model, Fig. 118, it will be found that 
the distribution of stress is materially changed and the uniformity 
greatly increased. Further reduction of the reinforced portion of the 
joint, or rather, complete elimination of the reinforcement, as exerm 
plified by the model, Fig 119 will cause a still more uniform dis* 
tribution of stress. 

The model, Fig. 120, represents a single vee butt joint with weld 
heavily reinforced but lacking complete penetration, causing a void 
at the bottom of the vee. A butt joint with overlapping welds is 
represented by the model, Fig. 121. The model, Fig. 120, when 
stressed and subjected to polarised light will show that there is a 
decided concentration of stress at the nick or unpenetrated portion 
of the joint. The model, Fig. 121, when stressed in a polariscope, will 
show stress concentration at the junction of weld metal at the surface 
of the base metal. 



Fig. 120. Fig. 121. 


From the foregoing examples it can be readily understood that 
not only is workmanship an important item in matter of stress dis- 
tribution but also costs are greatly affected. A heavy reinforcement 
carries very little stress; the deposited metal, which costs money to 
deposit, is not used to advantage. By greater uniformity of stress distrh 
bution, costs are reduced. 

It might be well to think of the distribution of stresses as similar 
to the flow of water. Turbulence in the flow of the water can be 
avoided by gradually changing sections and by omitting irregularities, 
whether these irregularities be indentations or protuberances. 

Notches, holes, incomplete penetration of welds, too much building 
up of welds, abrupt changes in cross** section and similar irregularities 
must and can be avoided easily. 

In viewing these models under load, wherever lines crowd together 
or change direction abruptly, there is a point of high stress value. 

The plan of a simple polariscope, easily and inexpensively com 
structed, is shown in Figs. 122 and 123. The dimensions are of a 
convenient size, but these may be varied, except the angular dimem 
sions — that is the 57%° which must be maintained. In the one 
shown, an automobile lamp or a 15 ** watt 110 ** volt light bulb is used. 
This is placed in a reflector which is parabolic so the rays will be 
parallel. 

The polarizer may consist of several sheets of thin glass or a single 
sheet painted black on the back. The analyzer is a single piece of 
glass ground and painted black on the back. 

A model is placed in a loading frame so constructed that the 
load on the model may be varied. Tension is usually used as the 
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load condition. The frame with the model in place is inserted in 
the polariscope and observations are made as the load is varied. 

Celluloid models of various types of welded joints under stress 
are shown in Figs. 124 to 127. Model of a riveted joint under stress 
is shown in Fig. 128. 



Fig. 124. Usual typo of single vee and double vee joint. Even in the symmetrical 
double vee the stress distribution is not completely uniform, as it is in the straight sec- 
tion. The reinforcements are not carrying stress to the extent other sections are and 
therefore the metal of the joint is not used to advantage. Reduction of reinforcements 
would reduce costs and improve use of metal, making stress distribution more uniform. 



Fig. 125. Comparison of the usual double vee with an abnormally reinforced double 
vee. Due to abrupt change in section of abnormal joint there are high stresses at the 
intersections of beads with plate, and the reinforcements carry very little stress. Note 
that the stress in center of bead or joint (the point of maximum area) is greater than the 
stress in the plate adjacent to bead. Result: poor use of metal and high cost, easily 
corrected by proper shape of Joint, 



Fig. 126. The crowding together of lines and quick change of their direction show 
most clearly the effect of undercutting (left). The stress is unevenly distributed. Correct 
procedure — Contrast this to the result shown on the right. Here, correct procedure avoids 
undercutting and gives uniform distribution as shown. Improves use of metal for better 
performance of the product. 
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Fig. 127. Single vee of usual type compared to single vee with lack of fusion at root 
of vee. The crowding together of lines and the quick change of direction indicate high 
stresses, therefore poor use of metal. Properly made, the Joint gives better performance, 
due to more balanced use of metal. 



Fig. 128. Model of a riveted Joint under stress. 

EXPANSION, CONTRACTION, DISTORTION AND 
RESIDUAL STRESS 

Expansion, contraction, distortion and residual or locked-up stresses 
are quite frequently considered as a group. It is well, however, to 
discuss them separately and then to consider their combination. The 
reason is because in some cases, it is desirable to study the effects 
of the individual factors. For example; The external deformation , or the 
going out of line or position often is troublesome and should be 
avoided or corrected. In some cases, too, locked-up stresses are useful, 
for example in shrink-fitting a locomotive tire to the wheel. 

A number of factors affect these characteristics — rolling and 
forming of members; rigidity of members or structure; procedure of 
welding, involving the sequence of beads, number of passes and 
amperes used. 

In order to anticipate results, the physical changes which take 
place and their sequence must be understood. A clear picture of 
these changes is provided by starting with simple illustrations and 
advancing step by step to the more complex examples found in practice. 

A few physical laws should be kept in mind. These are; — 

(a) Metals expand when heated and contract when cooled; 

(b) Steel is elastic when stressed to a point slightly below its 
yield point. If stressed beyond the yield point, it “yields,” 
resulting in a plastic flow of metal or permanent deformation; 
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(c) If a piece of low carbon steel is fully restrained from ex- 
panding longitudinally, an increase of 200° F. will cause it 
to be stressed beyond its yield point and cause a plastic flow 
of metal to take place. 

(d) The yield point of steel changes with temperature, being 
quite low at the higher temperatures. As an example, the 
yield point may be 40,000 lbs. per sq. in. at room temperature 
and 20,000 lbs. per sq. in. at 1200° F. 

Since steel is generally used in arc welding the discussion will refer 
specifically to steel. 

To illustrate the physical changes which take place in steel during 
arc welding, we will assume two very narrow pieces of steel, 100" 
long, are to be welded together as in Fig. 129, by adding an amount 
of weld metal that will be equal to the base metal. Two strain-gauge 
marks “a” and “b”, are put on the side of the piece as indicated. For 
the purpose of explanation, it is assumed that sufficient molten metal 
is available in a ladle covered with slag to fill up the beveled out trough 
in one or two seconds, so that time will not be a factor; that the 
sides of the trough are fluxed in such a manner that the molten 
metal adheres to the sides forming a satisfactory joint with the base 



metal; that the temperature of the steel in the ladle is 2700° F.; that 
the strips are free to expand and that the small amount of base metal 
involved heats up uniformly. Within a very short time after the 
molten metal has been added, the base metal will have reached a 
temperature of approximately 1400° F. and will have increased in 
length to 101" or an increase of about 1%. The weld metal will 
continually tend to cool and contract, but due to the low yield point 
of hot metal it is not capable of exerting any appreciable force on 
the structure until it has cooled below 1300° F. 

If the metal is allowed to cool to room temperature, it will contract 
to its original length of 100" and the points "a” and “b 11 will be 
the same distance apart as originally. Since the piece was not re- 
strained while expanding or contracting, plastic flow did not take 
place and no distortion or residual stress resulted. The sample will 
then appear as in Fig. 130. 
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As a second step the same assumption as in Fig. 129 is made 
except that the sample is held in a rigid vice or clamp so that no 
longitudinal expansion can take place as in Fig. 131. If it is as" 
sumed that the beveled out trough is filled with molten metal in 



one or two seconds as described for Figs. 129 and 130, no longitudinal 
expansion can take place. Plastic flow of the base metal will occur 
as the base metal heats up to approximately 1400° F. As it cools 
to room temperature, the whole mass, weld metal and base metal, 
will contract without restraint to a length of about 99" or one inch 
less than the original length. This condition is shown in Fig. 132. 



Since the metal has cooled uniformly, there will be no residual stress 
in the sample but the straimgauge marks “a” and ‘V’ will be 1% 
closer together than originally. Therefore, under such conditions 
strairngauge readings, made before and after welding, cannot be used 
to determine residual stress. 

It should be kept in mind that, as in the two cases above, the base 
metal adjacent to the weld metal first expands, or tries to expand, and 
then contracts while cooling. 

As a next step, conditions shown in Fig. 133 are assumed. It will 
be noted that in the case of Fig. 133 the base metal on one side is a 
wide plate and on the other a narrow strip as in Figs. 129 and 131. 
Now the assumption is made that the beveled trough is filled with 



Fig. 133. 
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molten metal m one or two seconds as above. The base metal m Fig. 
133 adjacent to the weld metal, will not reach as high a temperature 
as it did in Figs. 129 and 131 due to the greater mass of base metal 
in the plate of Fig. 133. Also the metal farther away from the weld 
will not become as hot as the metal near the weld. The hotter metal will 
expand more than the cooler metal. Therefore, colder metal will par* 
tially restrain the expansion of the hot metal near the weld, sufficient 
to cause some plastic flow of the metal near the weld. The 
width of the metal which was forced to undergo plastic flow is in* 
dicated by the letter fc V\ Therefore, in this case, there will be less 
expansion than in Fig. 129 but more than in Fig. 131 which was fully 
restrained from expanding. Consequently, the maximum expanded 
length of Fig. 133 will be some value greater than 100", possibly 
100.2". During the expanding cycle, the plate will warp as indicated 
by the line c d. As this sample cools to room temperature, the metal 
adjacent to the weld metal, which was subjected to plastic flow, and 
the weld metal itself, will tend to contract to a value less than the 
original length, while that part of the base metal which was not sub- 
ject to plastic flow during the heating cycle will tend to contract only 
to its original length. The result will be a stress set up in the sample. 
The edge nearest the weld will be longer than in Fig. 132 because 
it was restrained while contracting. The length of this edge after 
cooling will be estimated at 99.8" and the plate will be warped as 
indicated by the line c d, Fig. 134. It will be noted that the plate 
warped in one direction while it was hot. Fig. 133, and in the opposite 
direction after it had cooled down to room temperature. Fig 134. 



Since the weld metal and that part of the base metal which was 
subjected to plastic flow, indicated by width “x”, is restrained from 
contracting by the metal outside this zone, the latter will generally 
be under compression stress and the metal within the zone “x” and 
the weld metal will be under tension stress. Strain-gauge measure- 
ments taken before and after welding at points “a” and H b” would 
show that these points have moved closer together. This is no indica- 
tion of stress because the metal between these two points underwent 
plastic flow. Strain-gauge measurements taken at “e” and “f 1 may 
show these points have moved closer together. Since they were not in 
the zone where plastic flow occurred, this reading will be an indica- 
tion of actual residual stress. The residual stress can be determined 
in the welded plate near the weld if strain-gauge measurements are 
taken after it has cooled to room temperature, and if a small section 
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surrounding the gauge marks is cut with a saw as indicated in 
Fig. 134 and if strain^gauge measurements are taken. The readings 
taken before and after cutting out the sample will indicate fairly 
accurately the stress in the sample cut out. Readings taken at “a” and 
on the sample shown in Fig. 1 34 would probably show a further 
contraction of about .1% in the sample cut out if it was low carbon 
steel, indicating a stress approximately equal to the yield point of the 
metal. Stress can be similarly measured in other parts of the plate 
and the weld metal by taking strain-gauge measurements after cooling 
to room temperature and then cutting out small sections around each 
pair of gauge marks. 

The next step will be to assume a pair of plates as indicated in 
Fig. 135. It is assumed that the beveled out trough is filled in one or 
two seconds as before. This plate will expand but the metal near the 



weld will be restrained, more so than in Fig. 133 because of the large 
mass of metal on each side of the weld. The maximum length will 
perhaps not exceed 100.1". A narrow zone on each side of the 
weld will undergo plastic flow. This zone is indicated by the letter 
As this sample cools to room temperature, the weld metal and the 
base metal, which was subjected to plastic flow during heating, will 
tend to contract to a length less than the original, but will be restrained 
by the base metal outside the plastic flow zone which tends to contract 
only to its original length. Therefore, a residual stress will be set up 
and the final length of the welded plate, Fig. 136, will be greater than 
Fig. 134. It is estimated at 99.95". 



Fig. 136. 
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Strain-gauge measurements taken before and after welding at 
“a” and “b”, Fig. 136, will not indicate the stress at this point because 
points “a” and "b” are in the zone which was subjected to plastic 
flow. Readings taken at points “e” and outside the zone of 
plastic flow, will indicate the stress at this pair of points. If it is 
desired to determine the stress at “a” and 4fc b”, cut out around this 
pair of points as in Fig. 134 and again take strain-gauge measurements. 

The residual stress can likewise be determined at the points fcfc g” 
and u h” by taking strain-gauge readings after the specimen has cooled 
to room temperature and after cutting out the metal around these 
points as in Fig. 134. 

Thus far, it has been observed that the base metal near the weld metal 
first expands then contracts. This is an important consideration to be 
kept in mind when determining what takes place under actual arc weld- 
ing conditions. The weld metal continually contracts, but because of 
the low yield point of hot metal, it exerts relatively little force on the 
structure until it has cooled below 1200° F. 

In actual arc welding the rate of advance is not as rapid as the assump- 
tion made of filling with molten metal so that there is an area expanding 
and an area contracting as illustrated in Figs. 137 and 138. Fig. 137 
shows the condition as it exists when welding at relatively low speed 



as with bare wire or small electrode. In this case, the expanding zone “m” 
is small or narrow in comparison to the width of the contracting zone 
“n.” Therefore, the contracting zone is the predominating factor, causing 
the plates to close up ahead of the arc, the warping of the plates being in 
the same direction as indicated by line “cd” in Fig. 134. 

Fig. 138 illustrates the condition as it exists when welding at rela- 
tively high speeds as with shielded arc type electrodes. In this case, the 
expanding zone “m” is relatively large and wide. Consequently, it is the 
predominating factor and causes the plates to open up ahead of the arc, 
warping being in the direction indicated by the line “cd” in Fig. 133. 
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In either of the above cases after the arc welding has been completed, and 
the plate has cooled to room temperature, as illustrated in Fig. 139, the 
weld metal and the metal in the zone u x” which was subjected to plastic 
flow, are trying to contract but are being restrained by the base metal 
outside the plastic flow zone. Residual stress is, therefore, present in the 
arc welded plate as in Fig. 136. The residual stress in Fig. 139 may be 
determined as described for Fig. 136, that is, by taking strain-gauge read- 
ings after cooling to room temperature and then cutting out around the 
gauge marks with a saw and again measuring them. Strain-gauge read- 
ings, taken before and after welding, cannot be used to determine stress 
in that part of the plate which underwent plastic deformation during 
welding and the width of this zone cannot be readily determined. 

It will be found that the weld metal and the base metal within the 
plastic flow zone indicated by “x” is in tension longitudinally and the 
base metal just outside the plastic flow zone is under compression stress 



Fig. 139. 


longitudinally. The stress in the transverse direction follows the same 
general laws but the final results are a little more complex due to the 
effect of the longitudinal stress on the structure. For example, the weld 
metal near the end of the plate in Fig. 139 may be under compression 
in a transverse direction and the weld metal near the middle of the plate 
may be in tension in the transverse direction. These results will vary 
with the size of the plates or structure. It is evident that some plastic 
deformation and residual stress in the arc welded structure is unavoidable. 
The manner in which these effects can be minimized is of interest. 

It has been noted that during the arc welding operation, the metal 
adjacent to the weld first expands, then contracts. After cooling to room 
temperature, it remains in tension or attempts to contract further. If, 
after a short weld is made and allowed to cool until it has reached a state 
of maximum contraction, another weld placed next to it, will establish 
a transient expanding zone adjacent to it. The expanding zone will have 
less restraint and the contracting zone will be partially relieved. Thus the 
distortion has been minimized and the stresses have been reduced. This 
method of welding is called skip welding. (See Page 96.) A slightly 
more effective method is the skip-step-back method illustrated on Page 96. 
The greater the number of skips and the shorter the welds the more 
effective the method. 

Some residual stresses will exist. It is evident that in 100% welds of 
the usual type these stresses cannot exceed the yield point, provided the 
weld metal has reasonably good ductility. 
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In considering what happens when a welded pressure vessel is loaded. 
Fig. 140 is taken. It is a section of a girth seam in a pressure vessel, with 
the zone “x” on each side of the weld subjected to plastic flow or plastic 



Fig. 140. 


deformation during welding. It, therefore, has a residual stress equal to 
its yield point and the weld metal is stressed to its yield point before any 
pressure is put in the vessel. It is further assumed that the base metal of 
the tank has an ultimate strength of 60,000 lbs. per sq. in., and a yield 
point of 33,000 lbs. per sq. in., and that the weld metal has, in the 
as-welded condition, an ultimate strength of 63,000 to 65,000 lbs. per 
sq. in., and a yield point of 49,000 lbs. per sq. in. Since the load stress 
transverse to the weld in a girth seam, will be that of the 
stress parallel to the girth seam, the stress in the parallel direction 



Fig. 14 i. 
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which is most liable to cause failure, is considered. Typical points are 
assumed as follows: “p” in the weld (Fig. 140), “q” in the plastic flow 
zone, “r” in the compression zone, and “s” in a neutral zone. It is 
further assumed that the weld metal at “p” has a residual stress of 
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A typical stress-strain diagram may now be drawn for this type of 
steel and weld metal, and the stress can be indicated at points “p", 

“r”, and “s”, as in Fig. 141, which shows the abscissa of an elongated 
scale so as to more clearly indicate the elastic portion of the curve. Fig. 
141 shows the residual stress at the points indicated in Fig. 140 with no 
pressure in the vessel. Fig. 142 shows the stress at the same points with 
a pressure which would produce an average load stress of 15,000 lbs. per 
sq. in. It should be noted that the stress at points “p" and “q" did not 
increase appreciably as the load was applied and that the stress becomes 
more equally divided under load. Fig. 143 shows the stress at the same 
points when the pressure has been increased so as to produce an average 
load stress of 30,000 lbs. per sq. in., or nearly equal to the yield point 
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of the base metal. However, it should be noted that the stresses at points 
“p" and “q" have not increased appreciably. Both remain at approxi- 
mately their respective yield points and safely below their ultimate 
strength. The load stress is more equally shared. Fig. 144 shows the stress 
at the same points after the pressure has been increased to bring the stress 
in the base metal of the vessel through its yield point. It will now be seen 
that the points “q", fc Y 1 and 4 V* have equal stress and that the stress in the 
weld metal differs from that in the base metal only by the difference in 
their yield points. Fig. 145 shows the residual stress at the points indi- 
cated after the load has been removed. It should be noted that “s" is sero, 
stress “p” has not become sero but is in tension placing “q" and “r" in 
compression to some slight degree as previously discussed. Here it will be 
noted that the vessel has been considerably stress relieved by increasing 
the load up to the yield point of the base metal. The remaining residual 
stress is less than the difference between the yield points of the base metal 
and the weld metal. This method of stress relieving pressure vessels has 
been called “mechanical stress relieving." 
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In this connection it should be borne in mind that any elongation must 
be accompanied by a proportional reduction of cross sectional area. The 
per cent reduction in area obtainable before failure depends upon the 
dimensions and amount of area involved. The maximum per cent reduc- 
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Fig. 145. 


tion in area before failure is obtainable in a small cylindrical test piece in 
which reduction can take place equally along all diameters. In wide 
samples the percentage reduction in width is less and therefore the per 
cent reduction in area before failure is less. In very wide and relatively 
thick members the reduction in area can only take place along the “thick** 
ness” dimension and the amount along any dimension before failure is 
limited. Therefore the maximum elongation before failure varies inversely 
with the minimum dimension and cross sectional area involved. 

From the foregoing it will be seen that dimensions have a bearing as to 
what sections are capable of yielding or elongating sufficiently to relieve 
the stresses and redistribute the load without failure. This may not be 
true in all cases such as very thick, wide sections. It may be necessary to 
heat stress relieve. 

Opinions differ as to what thickness should be heat stress relieved. 
Experience indicates that the dividing line probably lies between one inch 
and two inch thickness and depends somewhat upon width, rigidity, etc. 

This analysis indicates when the welded joint is a 100% joint, that is, 
where there is complete and adequate fusion in the finished joint, and the 
design is such that there is reasonably uniform load stress distribution, and 
both weld metal and base metal have good ductility, that no part of the 
vessel can reach a stress beyond the yield point until all parts of tie vessel 
reach their yield points which are considerably beyond the usual working 
pressures. 
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Practical examples of the points discussed above are given as 
follows: 

For one example, a bead six or eight inches long is deposited on a 
perfectly flat plate and allowed to cool. As it cools the bead will tend to 



Dotted lines indicate position before welding. 
Solid lines indicate position after welding. 


contract and if the plate is not too thick so that it can bend under the 
stress imposed and it is free to move, it will curve or bend up in the direc- 
tion of the bead, see Fig. 146. A bead deposited from a small electrode 
with low current will cause very little warping due to the relatively small 
amount of metal which is heated to a high temperature. On the other 
hand a bead deposited from a large electrode with a high value of current 
so as to produce nearly complete penetration of the plate will cause very 
little warping in the direction indicated, due to the fact the metal at the 
bottom is also heated to a high temperature. There is a welding condition 
somewhere in between these two extremes that will produce a maximum 
warping in the direction indicated in Fig. 146. 

Another example is when two pieces are welded together at right 
angles with a bead on one side. After the weld has cooled it will be found 
that the plates are not at right angles and the weld has pulled the pieces 
toward each other in the direction of the weld, as shown in Fig. 147. 

BEAD n 


x— * 

' — PLATES —^ 

Fig. 148. Position of plates before welding is indicated by dotted lines. Solid lines 
show position after welding. 


When two plates, with an opening between them, are welded with 
bare or washed electrode, the plates will draw together as the welding 
progresses. This is shown in the sketch, Fig. 148. The amount will de- 
pend upon the speed of welding. As a usual rule, the greater the speed. 
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the less the amount of the drawing effect. There can be found a speed at 
which the plates will not draw together. 

When two plates have a tendency to draw together, the expedient of 
keeping a wedge in the seam 12" to 18" ahead of the welding proves very 
satisfactory. Allowance may be made for contraction if possible by 
separating the plates. 

For usual plate thicknesses the plates should be separated approxi- 
mately J/&" per each lineal foot of weld. The exact amount is difficult to 
state as it will vary with different jobs and conditions. Experience is the 
best teacher on this, and the above will serve as a guide. 



Fig. 149. Dotted lines show original position of plates. Solid lines indicate plates 
after welding at high speed. 


If the welding speed is further increased as when using shielded arc 
electrodes, the plates will separate while welding proceeds as indicated in 
Fig. 149. In this latter case it will be necessary to tack or clamp the ends 
together before beginning the welding as shown in Fig. 151. 

If a plate is veed for welding and then welded it will frequently be 
found that the plates will be drawn up as shown in the sketch, Fig. 150. 
This is true since the greater opening is at the top and more molten metal 
is deposited and a wider zone heated on this side, consequently there is 
more contraction. 

The amount of warping wall vary almost directly with the number of 
passes, being greater for a greater number of passes. This will also be 
true of the case shown in Fig. 147. In other words it is generally advisable 
to complete the weld with a minimum number of passes. 

If the plates or parts welded are free to move there will usually be 
some distortion, and it must either be overcome or steps taken to reduce 


Fig. 150. Original position of plates is indicated by dotted lines. Position after weld- 
ing is shown by solid lines. 


the effect. When the parts are not free to move, that is, when the top of 
the vertical member shown in Fig. 147 is restrained the result is that the 
weld tries to pull it over, but since it cannot come, either the weld must 
stretch or the plates will bend. In the case shown in Fig. 1 51, if the weld- 
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mg speed is high the plates will tend to pull apart while welding is being 
done. However, after the plates have cooled down, it will be found that 
at both ends the plates are tending to press together and consequently the 
weld metal is under compression near the ends and in tension near the 
middle in the transverse direction. In the longitudinal direction, all the 
weld metal and the base metal, immediately adjacent to the weld, are 
under tension. 


x rjCK 
WELDS 



Fig. 151. 


If the welding speed is slow the plates will tend to pull together while 
the welding is being done, but it will be found that after the weld has 
cooled down the direction of the stresses is in the same direction as des- 
cribed above. 

It will be seen from the above that the stresses in a welded structure 
may have different directions and amplitudes while the welding is being 
done than after it has cooled down. 

In heavy sections, that is, where welding is to be done on both sides, 
it is desirable to alternate welds, that is, put one bead on one side, then on 
the other. This tends to prevent distortion and balances the stresses. 
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Figs. 152 and 153. Examples of two sequences of welding often used to prevent 
accumulation of stresses and distortion. 


Where the distortion will cause trouble it is desirable to make a study 
of the job and arrange the welds in a sequence that will keep it to a 
minimum. For example, if two pieces are to be welded at right angles, a 
sequence of welds as shown in Fig. 152 tends to reduce distortion. The 
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sequence may be varied to suit the job and some authorities recommend a 
sequence similar to that shown in Fig. 153. 

S\ip Welding is a very effective way to prevent distortion and reduce 
locked up stresses. This method consists in keeping the expanding zones 
sufficiently narrow and sufficiently close to the contracting zones so that 
they tend to stress relieve or neutralize each other. This can be accom* 
plished by making a short weld, then skipping some distance ahead, mak- 
ing another similar short weld, etc. and then returning to the first weld 
and m akin g another weld adjacent to it, etc. Sufficient time should elapse 
between making adjacent welds so that the first weld is sufficiently cool 
and is in contraction. 

Step Bac\ Method of Welding is a method of distribution of welds 
and procedure of making welds to help prevent the accumulation of 
stresses and distortion. This method consists not only of breaking up the 
welds in short sections but is dependent also upon welding in the proper 
direction, and this is illustrated in Fig. 154. The welds may be made in 
the sequence shown or may be broken up. For example, the welds may 
be made in the order of 1, 2, 3, 4, 5, 6, etc., or 1, 3, 5, 2, 4, 6, etc. The 


6 5 4 3 a / 


Fig. 154. Example of a procedure and sequence of welding by the step-back method. 

latter is an illustration of the 1 2 * 4 skip 'Step back” method which is^a com- 
bination of “skip” and “step'back” welding. In “skip'step back” weld' 
ing, welds may be made in any convenient order. 

Another method of reducing distortion or stresses is by peening. Still 
another method of reducing stresses is by heat, see Page 102. 

It is impossible to give rules for controlling all forms of distortion 
and stresses, but it must be recognized that these are usually present 
in welding. Each job must be studied to determine the best procedure 
to follow for the method of welding employed. 

These sketches and examples are, of course, somewhat exaggerated, 
so as to illustrate better the points under discussion. 

As a summary of the subject the following general statements may be 
made: 

1. Stresses are set up in plates and shapes by rolling, shearing, form'* 
ing, etc. The partial release of these stresses during welding may 
be the controlling factor in the final amount of distortion that will 
occur. 

2. Stresses and warping caused by welding can be divided into two 

classes. 

a. Stresses and warping that occur while the welding is in 
process. These are transient or temporary. 
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b. Final stresses and warping that remain after the welded 
members have cooled to normal temperature. 

These two classes are somewhat different in magnitude and direct 
tion and both should be considered in the welding procedure. 
The amount of deformation or warping is not necessarily an in' 
dication of the value of the stress as the deformation depends on 
restraint, stiffness stress distribution and plastic flow. 

3 . All other things being equal an increase in speed will slightly in' 
crease the amount of warping. 

4. On multiple pass welds the warping will increase as the number 
of passes increases. 

5. Step'back welding will reduce locked'up stresses and warping. 
Skip welding will reduce lockedmp stresses and warping due to 
the more uniform distribution of heat and the greater rigidity of 
the seam during the welding process. 

6. It is always desirable that the direction of welding be away from 
the point of restraint and toward the point of maximum freedom. 
In other words, weld away from a welded seam at right angles to 
the welding. 

7. Clamping will reduce warping and is more effective when the 
welded members are allowed to cool in the clamps. However, 
clamping will not entirely eliminate warping. 

8. Peening is an effective method of reducing stresses and partly 
correcting distortion or warping. 

9. Stresses may be relieved by heat treatment. 

10. Stresses may be relieved by mechanical loading. 

Following are a few practical examples in line with the above discus' 
sion. 

Fig. 155 shows a bearing bracket made of an angle rolled into a circle, 
a centre tube connected to the angle by formed arms. 




Fig. 155. 


Welds A and B should be made on each arm and allowed to cool, 
since the arms are free to move they will adjust themselves. Then welds 
C and D should be made. However, welds should be made in the order 
A'C, D'B. 


98 


PROCEDURE HANDBOOK OF ARC WELDING 


s-6\J33CT PLAT £5 

■*— — i 1 — 1 
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A similar case is shown in Fig. 156. Welding A-B-C-D in order 
given caused distortion. When A and C were made, the weld allowed to 
cool — then B and D were made the result was satisfactory. 



Another interesting case is shown in Fig. 157. This comprises two 
6-inch channels welded together to form a rectangular tube. For minimum 
distortion a light tack bead is placed at 11 and 12, then 1 and 2, then 21 
and 22. The welding sequence, with step-back method is: 1-2; 5-6; 9-10; 
13-14; 17-18; 21-22; 3-4; 7-8; 11-12; 15-16; 19-20. This minimises dis- 
tortions — usually keeping it less than Zs inch. (See Item 5, Page 97.) 
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Fig. 158. 


An interesting example of distortion correction is the case of a bulk- 
head which warped. A torch, equipped with water spraying device heats 
a spot about V/2 inch in diameter, in the centre of the spray. (See Fig. 
158). The spray keeps the surrounding plate cool, the centre portion 
reaches a plastic stage, then the locked-up stresses upset the heated metal 
resulting in release and redistribution of local stresses. The contraction of 
the upset metal pulls the plate into shape. Repeated applications may be 
required if the plate is large or badly distorted. (See Item 1, Page 96.) 

Another similar example is the case of a bent I beam (or similar sec- 
tion) . If the longer flange (convex side) and part of the web are heated. 
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the metal expands and due to restraint of adjacent cooler sections is 
upset. Upon cooling, the heated metal contracts and pulls the beam 
into shape. Repeated applications may be required. 

A counter or opposing effect is sometimes useful. For example, in 
welding stiffener plates on girders, considerable warpage may result. 
This can be minimized by welding both sides at the same time, the 
welders working opposite each other using the skip method. 

Counter distortion is often made use of, in erecting a pipe railing. 
By giving the pipe a slight reverse bend prior to welding and by blowing 
air through the pipe after welding, the railing straightens itself. This 
procedure is usually more simple than straightening operations after 
erection of the railing. 
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Fig. 159. 



Another interesting example is that of two channels welded to a 
plate. (See Fig. 159). Trouble was encountered due to breakage in 
the transverse joints of the plate shortly after welding, due to excessive 
restraint. (See Item 6, Page 97) . By running short beads on the plate 
so as to lift the plate slightly at the transverse joint this difficulty was 
corrected, due to a better distribution of locked up stresses. 



Fig. 160. These box beams were welded from angles according to the sequence shown 
in the inset. 
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In assembly of a part involving several components, it is advisable 
to keep in mind the suggestion of Item 6, Page 97. Weld from the 
point of restraint, allow the parts to adjust themselves as welded. For 
example in a girder the butt joints of flanges and web plates are made 


Fig. 161. Bottom of earth scraper. Parts to be welded are clamped to a work table 
with a certain amount of pre-camber to offset warpage. 

separately. Any additional parts such as flange cover plates, stiffeners 
and shelf angles on webs, etc. should be welded in place before webs 
and flanges are assembled. If floor beams are to be connected to the 
girder by welding, the effect of these joints must be considered, as in 
general they produce the same effect as the welding of web stiffeners. 
The above examples illustrate the control of distortion which is 


Fig. 162. These semper blades are hard-faced according to the sequence plan shown 
In the inset sketch. 
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Fig. 163. Fixture lor welding bulb angle frame for coke oven self sealing doors main- 
tains proper alignment of parts. 


Fig. 164. Trash rack, lor dam. Siz. 12' x 10'. Fixture holds parte with pre-camber to 
keep finished shape within %" of true plane. 
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possible, when proper account is taken of the effects of the heating 
and cooling of metal 

Stress Relieving.— Stress relieving may or may not be necessary, 
depending upon the design requirements of the finished structure. In 
a great many cases stress relieving is not necessary. In some others a 
proper peening of the weld may be sufficient; and again in other cases 
stress relieving by heating may be essential. In cases where stress relieving 
is required, the types of work involved may be divided into three general 
classes, namely: (1) Welded repairs of broken parts and miscellaneous 
small jobs; (2) machinery units; (3) pressure vessels built in conformance 
to A.S.M.E. Boiler Code. (See Page 106). 

Stress relieving of work designated in classification (1) may be 
accomplished by heating the work to slightly above 1100 degrees F. 
and then allowing the work to cool slowly. Cooling may take at least 
10 or 12 hours and in many cases 24 hours of cooling are desirable. 
In the case of large castings of complicated shape, they may be cooled 
for as long as two days. Small pieces, such as butt welded high speed 
tool tips, may be satisfactorily annealed by putting the tool immediately 
after welding into a box of powdered asbestos and allowing it to cool 
for 24 hours. 

Where available a furnace should be used for heating. If no 
furnace is at hand, a temporary one may be built with fire brick 
without cement. A charcoal or coke fire or gas or oil torch may 
be used to supply the heat. After the proper temperature has been 
reached the furnace should be closed and allowed to cool slowly. 
If charcoal or coke has been used, the work should be covered with 
ashes and embers when cooling. Sometimes the work is covered with 
clean sand or slaked lime to retain the heat as long as possible. 
Asbestos sheets may also be employed for this purpose. 

Stress relieving of machinery units may or may not be required. 
In many cases a mechanical stress relieving by peening each layer 
preferably with compressed air and a roughing or peening tool is 
entirely satisfactory. 

In some cases where heavy plates or a heavy welded section is 
used or where the assembly is subjected to severe loads and stresses 
it may be desirable or necessary to stress relieve by heating. In this 
case the information given later from the A.S.M.E. Boiler Code will 
prove helpful 

On heavy plates it may be necessary to stress relieve before weld 
is entirely completed. It is usually regarded as good practice to stress 
relieve after deposit of weld metal has been made to approximately 
11 /%' depth and for each 1" to l l / 2 " additional thickness of weld metal. 

For stress relieving pipe and certain welding work there are 
available on the market welding generators of higher frequency than 
that obtained from usual power supply (ranging up to several times 
line frequency). These generators, in combination with proper coil 
and equipment, provide a practical method of stress relieving where it 
is required. Here, the stress relieving generator also serves as the 
welding apparatus and eliminates the need of special stress relieving 
transformers. 
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QUALIFICATION OF WELDERS 

There is some mystery about the terms “certification” or “qualifier 
tion” of welders. Many people seem to think that there is some all-inclu- 
sive set-up by which a welder can take tests and become a certified welder 
from there on, for all kinds of work, anywhere. This is not true. 

Tests to determine the abilities of welders to do a certain kind of work 
are conducted by many independent laboratories. The ability of a welder 
to do work of these specific grades is then certified. However, this is not 
a general certification but a certification for a definite type of work or 
employer, and for a specified time. 

The following suggestions pertain to quick, low-cost methods of select- 
ing welders who would later be able to take more detailed tests such as 
for A.S.M.E. requirements, etc., if required. They also serve as quick 
and low-cost tests for selection of welders for most general classes of work, 
except that specified by certain codes. 

No standard set of tests for the qualification of welder operators can 
be devised which is applicable for all types of work. For example, the 
quality of welding required in a small underground storage tank is not 
of as high a value as the quality of welding required in the construction 
of pressure vessels. Therefore it is impractical to require operators to 
qualify for U-68 or U-69 (A.S.M.E. Boiler Code — see Page 106) 
welding when such quality is not required. 

It should be borne in mind that qualification tests of operators should 
not be confused with qualification tests of electrodes. 

Qualification tests should be devised simply on the basis of quality 
required in actual construction operations. Operators should be tested in 
making all types of welds usually encountered in the regular line of the 
particular shop’s work. These tests should be so set up that they will as 
closely as possible approximate the same conditions as are actually en- 
countered in production welding. 



Fig. 165. 





Fig. 166. 
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Fig. 167. 


Qualifying tests should be such as would qualify the operator for the 
particular work which he will have to do, and should not impose upon the 
welder a quality greater than is necessary to meet the design requirements. 
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A series of test pieces such as those illustrated herewith serve to 
qualify operators for most of the ordinary applications of welding. A lap 
weld made in a flat position (see Fig. 165) will reveal a great deal about 

an operator. , , 

There should be good penetration to the root of the weld and good 
fusion at both sides of the bead. Examination for these requirements can 
be made by breaking the weld through the throat. 

If the operator fails to pass this test he is disqualified. If he does pass 
it the qualification tests can be continued by making a fillet weld, Fig. 166. 
This would be judged on the basis of absence of undercutting, shape of 
the bead, lack of overlap, and proper fusion, as shown by fracture or 
bending of the test piece. The next test should be a butt weld made in a 
flat position (see Fig. 167). The weld should show good fusion without 
overlapping or undercutting. 

After this test specimen has been examined for external condition of 
bead, it should be given a nick-break test. Two saw cuts, in line, and ap- 
proximately at the center of the weld, will cause the joint to break through 
this weakened section when specimen is subjected to a sharp blow of 
sufficient intensity. Examination of the fracture will disclose the quality 
of the deposited metal. (See nick-break test, Page 267.) The deposited 
metal should show uniform structure, be free of slag inclusions, have no 
porosity and be completely fused. There may be some variation in color 
due to the variety of stresses set up by application of the blow. 

Another excellent and inexpensive test is a double butt strap joint. 
Welds are placed along the sides of the straps, but not extending to the 
ends. The specimen is prepared in this way so as to place the welds in 
longitudinal shear only, without any parts in transverse shear. This re- 
sults in a single load condition. The tongue or pull bars and straps should 
be of such size in reference to the welds as to cause failure to occur in the 
welds. The usual precedure followed in the shop can be used. The joint 
is subjected to a load and broken, failure generally starting at one end of a 
weld. The weld is accurately measured and the ultimate value of the 
joint determined. This figure is then compared with the figure for a per- 
fect joint and the operators rated accordingly. 

As an illustration of the method used by a prominent structural steel 
fabricator to test operators for heavy structural work, a butt joint is made 
up as shown in the sketch Fig. 168. The joint is made by joining two pull 
bars by butt straps. The pull bars are 1" thick, 4" wide and 12" long. 
A space of Yz* is left between the connected ends of the pull bars. The 
beads, each having approximately 2J4" effective length, are in longi- 
tudinal shear and since the beads are approximately the ultimate 



Fig. 168 . 
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Fig. 169-A 


strength of the joint is practically 200,000 lbs. As evidence of improve- 
ment in operator s skill, joints of the type mentioned failed at 120,000 lbs. 
only a few years ago. Due to correct instruction, adequate and continued 
inspection, the value increased first to 140,000-160,000 lbs. then to 
170,000-185,000 lbs. The test specimen shown in Fig. 169-A was 
pulled to 185,000 lbs. 

A further test of welded joints is the comparison in strength between 
a welded (left) and riveted (right) single butt connection as shown in 
Fig. 169-B. The riveted connection utilized YS' rivets and drilled 
holes and was made in such a way as to be superior to the usual 
field-riveted joint. Yet failure occurred at 96,000 lbs., or 32,000 lbs. per 



Fig. 169-B. 


rivet. The result of shear action on the rivets and the plate can be clearly 
seen. Both are distorted or given a permanent set. A study of the welded 
connection, keeping in mind that the load is eccentric, demonstrates the 
welded joint's superiority. 



Fig. 170. 
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If the work for which the operator is to be qualified requires vertical 
welding, then the tests should be made welding the aforementioned joints 
in vertical position. For example, a typical test specimen of a vertical lap 
weld is shown in Fig. 170. If the work requires welding a joint in a hard 
to get at” position then the test should simulate such positions. A typical 
example of such a condition is illustrated in Fig. 171 which shows a test 
weld of a vertical lap joint which requires greater skill on the part of an 
operator to make a satisfactory weld than the test, Fig. 170. Obviously it 
is unnecessary to test an operator under conditions presented in Fig. 171 
unless such conditions are actually encountered in the work for which 
the operator is required to qualify. If overhead welding is also required, 
then the tests should be continued to include welding the same types of 
joints in the overhead position as mentioned previously. 

In all cases it must be remembered that the purpose of the qualification 
test is to ascertain the ability of the operator to make a good joint in the 
field; not just a good test specimen. An operator who makes good test 
specimens will usually make good field specimens. This has been brought 



Fig. 171- 

OUt in a number of cases where comparative checks on test and field sped" 
mens were made. The ability and skill of the operator as indicated by 
test specimens generally produces these same results in the field work. 

The American Welding Society, 33 West 39th St., New York City, 
has issued a bulletin, “'Testing and Qualification of Welding Operators” 
which is available at a small cost. 

A.S.M.E. CODE FOR UNFIRED PRESSURE VESSELS 
The following rules pertaining to the use of the fusion welding 
process in the construction of unfired pressure vessels are those estab" 
lished by the American Society of Mechanical Engineers. 

Rules for the Fusion Process of Welding 
U- 67 Pressure vessels may be fabricated by means of fusion welding pro- 
vided the construction is in accordance with the requirements for material and 
design of the rules for fusion welding as required in this code. 
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Definitions 

a Fusion Welding. A process of welding metals in the molten, or molten 
and vaporous state without the application of mechanical pressure or blows. 

b Fillet Weld . A fusion weld of approximately triangular cross section the 
throat of which lies in a plane disposed approximately 45 deg. with respect to the 
surface of the parts joined. 

c Throat. The minimum thickness of a weld along a straight line passing 
through the bottom of the cross-sectional space provided to contain a fusion weld. 

d Double'W elded Butt Joint. A joint formed by the fusion of two abutting 
edges with a filler metal added from both sides of the joint and with reinforcement 
on both sides. 

e Single'W elded Butt Joint. A joint formed by the fusion of two abutting 
edges with all the filler metal added from one side of the joint with a reinforce- 
ment on the side from which the filler metal is added. 

Note: A joint with filler metal added from only one aide is considered equivalent to a double- 
welded butt joint when and if means are provided for accomplishing complete penetration and 
reinforcement on both sides of the joint. 

U-68 Vessels covered by this code may be used for any purpose when 
constructed in accordance with the rules given in this paragraph. 

The joint efficiency £ to be used in applying the rules in Par. U-20 shall be 
taken as 90 per cent. 

The welding shall meet the following test requirements: 

Test Plates, a Two sets of test plates of the dimensions shown in Fig. 173 
from steel of the same specifications and thickness as the shell plates, prepared for 
welding, may be attached to the shell plate being welded, as in Fig. 172, one set 
on each end of one longitudinal joint of each vessel so that the edges to be welded 
in the test plates are a continuation of and duplication of the corresponding edges 
of the longitudinal joint. In this case the weld metal shall be deposited in the test 
plates continuously with the weld metal deposited in the longitudinal joint. 
As an alternate method, detached test plates may be welded as provided for in (b). 
The plates for test samples may be taken from any part of one or more plates of 
the same lot of material that is used in the fabrication of the welded vessels and 
without reference to the direction of the mill rolling. 

b When test plates are welded for the longitudinal joints none need be fur- 
nished for circumferential joints in the same vessel provided the welding process, 
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Fig. 172. Method of forming longitudinal test plates. 


procedure and technique are the same. Where a vessel has only circumferential 
joints, two sets of test plates of the same material as the shell shall be welded in 
the same way as the joints in question. 

When noncylindrical pressure parts are not integral with the drum or shell, the 
two test plates, of a thickness not less than that of the parts, shall be provided. 

c. When there are several vessels being welded in succession or at any one 
time the plate thicknesses of which fall within a range of J4 hi*. each 200 ft. of 
longitudinal and circumferential seams may be considered as the equivalent of one 
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d Test Specimens. The inspector shall select one of the two welded test 
plates from which the coupons for tension and bend tests and for specific-gravity 
determinations shall be removed as shown in Fig. 173 and be of the dimensions 
shown in Figs. 173 and 174. 

c Tension Tests. Two types of tension-test specimens are required, one of 
the joint and the other of the weld metal. The tension specimen of the joint shall 
be transverse to the welded joint, and shall be the full thickness of the welded 
plate after the outer and inner surfaces of the weld have been machined to a plane 
surface flush with the plate. When the capacity of the available testing machine 
does not permit testing a specimen of the full thickness of the welded plate, the 
specimen may be cut with a thin saw into as many portions of the thickness as 
necessary, each of which shall meet the requirements. 

The tensile strength of the joint specimen in Fig. 173 shall not be less than the 
minimum of the specified tensile range of the plate used. ( The tension test of the 
joint specimen as specified herein is intended as a test of the welded joint and 
not of the plate.) 

The tension-test specimen of the weld metal shall be taken entirely from the 
deposited weld metal and shall meet the following requirements: 

Tensile strength = at least that of the minimum of the range of the plate which 
is welded; 

Elongation, minimum = 20 per cent in 2 in. 

For plate thicknesses less than 34 * n -» the all-weld-metal tension test may be 
omitted. 

f Bend Tests. The bend-test specimen shall be transverse to the welded joint 
of the full thickness of the plate and shall be of rectangular cross section with the 
width 1J/2 times the thickness of the specimen When the capacity of the available 
testing machine does not permit testing a specimen of the full thickness of the 
welded plate the specimen may be cut with a thin saw into as many portions of 
the thickness as necessary, each of which shall meet the requirements. The inside 
and outside surfaces of the weld shall be machined to a plane surface flush with 
the plate. The edges of this surface shall be rounded to a radius not over 10 per 
cent of the thickness of the plate. The specimen shall be bent cold under free 
bending conditions until the least elongation measured within or across approxi- 
mately the entire weld on the outside fibers of the bend-test specimen is 30 
per cent. 

When a crack is observed in the convex surface of the specimen between the 
edges the specimen shall be considered to have failed and the test shall be stopped. 
Cracks at the corners of the specimen shall not be considered as a failure. The 
appearance of small defects in the convex surface shall not be considered as a 
failure if the greatest dimension does not exceed Viz in* 

g Specific Gravity of Weld Metal. Specimens shall be taken from the weld 
metal of the joints. The specific-gravity specimens shall, if possible, be 2 in. long 
and Y& in. in diameter, as shown in Figs. 173 and 174. The minimum specific 
gravity shall be 7.80. 

h Retests. Should any of the tests other than the specific-gravity tests fail 
to meet the requirements by more than 10 per cent, no retests shall be allowed. 

Should any of the tests other than the specific-gravity tests fail to meet the 
requirements by 10 per cent or less, retests shall be allowed on specimens cut from 
the second welded test plate. 

The retests shall comply with the requirements. For either of the tension 
retests, two specimens shall be cut from the second test plate, and both of these 
shall meet the requirements. 

When there is more than one specimen of the same type and when one or 
more of the group specimens fail to meet the requirements by 10 per cent or less, 
the retest shall be made on an entire group of specimens which shall meet the 
requirements. 

Should the specific gravity obtained on the specific-gravity specimen be less 
than 7.75, no retest shall be allowed. Should the specific gravity lie between 7.75 
and 7.80, a retest shall be allowed. The retest shall show a specific gravity of not 
less than 7.80. 

i Tion'Destructive Tests. All longitudinal and circumferential welded joints 
of the structure shall be examined throughout their entire length by the X-ray 
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or the gamma-ray method of radiography. In case the wall thickness exceeds 5J/4 
in., and until such a time as evidence is submitted to the Boiler Code Committee 
that greater thicknesses can be commercially examined, the joints shall be stress 
relieved and then radiographed when the thickness of the metal deposited in the 
weld is 5J4 in. The joints shall also be stress relieved after the completion of the 

welded joint. .. 

All welded joints to be radiographed shall be prepared as follows: . I he weld 
reinforcements on both the inside and outside shall be ground, chipped and 

S ound, or suitably machined to remove the irregularities of the weld surface so 
at it merges smoothly into the plate surface. The finished surface of the rein' 
forcement may have a crown of uniform amount not to exceed approximately 
in. Single-welded butt joints made the equivalent of double'welded butt joints, 
in accordance with Par. U-73 a, may be radiographed without removal of back' 
ing-up strip, provided the backing'Up strip image will not interfere with the 
interpretation of resultant radiographs. 

The films obtained by the use of X rays shall be known as exographs, and 
those obtained by the use of gamma rays as “gammagraphs.” Both types of films 
shall be generally termed “radiographs.” 

The weld shall be radiographed with a technique which will determine quanti' 
tatively the size of defects with thicknesses equal to and greater than 2 per cent 
of the thickness of the base metal. To determine whether the radiographic tech' 
nique employed is detecting defects of a thickness equal to and greater than 2 per 
cent of the thickness of the base metal, suitable thickness gages or penetrameters 
shall be placed on the side of the plate nearest the source of radiation and used in 
the following manner: 

(la) A penetrameter of the type shown in Fig. 17 5 shall be placed at 
each end of the exposed portion of the weld with the penetrameter parallel to 
the weld and at least J4 in. from the edge of the weld. Two ranges of pene' 
trameters shall be available; these shall be stepped as follows: 0.005 to 0.04 in. 
for plate thicknesses up to 2 in., and 0.04 to 0.105 in. for plate thicknesses 
from 2 to 5J4 ia* as shown in Fig. 175. In every case the thickness gages or 



Fig. 175. Details ol thickness gages or penetrameters. 

penetrameters should be so placed that the thin edge of the gage will be 

adjacent to the end of the exposed section of the weld. 

The film during exposure shall be as close to the surface of the weld as is 
practicable. The distance of the film from the surface of the weld on the side 
opposite the source of radiation shall, if possible, not be greater than 1 in. 

With the film not more than 1 in. from the weld surface the minimum distance 
between the source of radiation and the back of the weld shall be as follows : 


Plate thickness 
in. 


Up to 1 

1 to 2 

2 to 3 

3 to 4 

4 to 4% 


Minimum distance from 
source of radiation to back of weld 
in. 


14 

21 

28 
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There should also be a plain indication on each film showing the job number, 
the drum and seam, as well as the manufacturer’s identification, symbol or name. 

If it is necessary to expose the film at a distance greater than 1 in. from the 
weld, the following ratio of: 

Distance from source of radiation to 
weld surface toward radiation 


Distance from weld surface toward 
radiation to film 

shall be at least 7 to 1. When a grid of the Buckey type is employed to reduce 
scattered radiation, the above ratio may be reduced to five. These conditions are 
imposed so as to limit the allowable distortion and magnification of any defects 
in the welded seam. 

All radiographs shall be free from excessive mechanical processing defects 
which would interfere with proper interpretation of the radiograph. 

Identification markers, the images of which will appear on the film, shall be 
placed adjacent to the weld and their location accurately and permanently stamped 
near the weld on the outside surface of the drum or shell, so that a defect appear- 
ing on the radiograph may be accurately located in the actual weld. 

The radiographs shall be submitted to the inspector. If the inspector requests, 
the following data shall be submitted with the radiographs: (1) the thickness of 
the base metal, (2) the distance of the film from the surface of the weld, (3) the 
distance of the film from the source of radiation. 

The acceptability of welds examined by radiography shall be judged by com- 
paring the radiographs with a standard set of radiographs, reproductions of which 
may be obtained by purchase from the Boiler Code Committee. In general the 
standards of judgment shall be: 

(lb) Welds in which the radiographs show elongated slag inclusions or 
cavities shall be unacceptable if the length of any such imperfection is greater 
than 1/ 3 T, where T is the thickness of the weld. If the lengths of such imper- 
fections are less than y$T and are separated from each other by at least 6L of 
acceptable weld metal, where L is the length of the longest imperfection, the 
weld shall be judged acceptable if the sum of the lengths of such imperfections 
is not more than T in a weld length of 1 2T. 

( 2b) Welds in which the radiographs show any type of crack or zones of 
incomplete fusion shall be unacceptable. 

(3b) Welds in which the radiographs show porosity shall be judged as 
acceptable or unacceptable by comparison with the standard set of radiographs. 

(4b) A complete set of radiographs for each job shall be retained by the 
manufacturer and kept on file for a period of at least ten years. 
j All vessels constructed under the requirements of this paragraph shall be 
stress relieved in accordance with Par. U-76. 

\ Vessels constructed in accordance with this paragraph shall be stamped 
^U-68” as required by Par. U-66. 

I The manufacturer shall be responsible for the quality of the welding done 
by his organization and shall conduct tests of welding operators to determine 
their ability to produce welds of the required quality. 

The manufacturer shall satisfy the inspector that all the welding operators 
employed on a pressure vessel or pressure part of a unit have previously made 
test plates which comply with the requirements of the code. Such test plates shall 
have been made within a period of six months, except that when the welding 
operator is regularly employed on production work embracing the same process 
and type of welding the tests may be effective for one year. 

It is the duty of the inspector to satisfy himself that only welding operators 
who are proved competent by these test plates are used to weld any pressure 
part and that all welding complies with the code requirements. 

The inspector has the right at any time to call for and witness the making 
of test plates described in this paragraph by any welding operator and to observe 
the physical tests of them. For such qualification tests, the thickness of the test 
plate shall not be less than the approximate thickness of the plate or parts on 
which the welding operator is to work. 
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When more than one welding operator is employed on a pressure vessel, 
the required test plates for the individual vessels shall be made by the welding 
operator designated by the inspector. 

The tests conducted by one manufacturer shall not qualify a welding operator 
to do work for any other manufaturer. 

U-69 All vessels covered by this code when constructed in accordance with 
the rules of this paragraph may be used for any purpose except for containing 
lethal 1 gases or liquids and/or liquids operating at a temperature in excess of 


lBy “lethal substances’ 1 are meant poisonous gases or liquids of such a nature that a very small 
amount of the gas or vapor of the liquid mixed or unmixed with air when breathed is dangerous to 
life. For purposes -of this code, this class includes substances of this nature which are stored under 
pressure or may generate a pressure if stored in a closed vessel Some such substances are hydro- 
cyanic acid, carbonyl chloride, cyanogen, mustard gas, and xylyl bromide For the purposes of 
this code ammonia, 'chlorine, natural or manufactured gas, propane, or butane are not considered 
as lethal substances, but it is the intention of the Committee that their storage should not be 
permitted in pressure vessels built in accordance with Par. U'70. 

300 F., provided the plate thickness of shells and of heads fabricated of more 
than one piece does not exceed V/ 2 in., unless the flange of such heads is reduced 
to not more than V/ 2 in. at the joint, and the maximum pressure does not exceed 
400 lb. per sq. in., nor at a temperature in excess of 700 F. The limitation ot 
plate thickness does not apply to heads formed of a single plate. This pressure 
limitation does not apply to vessels operated under hydraulic pressure at atmos* 

pheric temperature. , . , , . ^ T r ™ v n u 

The joint efficiency E to be used in applying the rules in Par. U'20 shall be 

taken as 80 per cent. .... 

Welding shall meet the following test requirements based on the qualification 

test procedure given in Pars. UA-30 to UA*46. , , 

a Each manufacturer or contractor shall be responsible for the quality otthe 
welding done by his organization and shall conduct tests not only of the welding 
process to determine its suitability to insure welds which will meet the required 
tests, but also of the welding operators to determine their ability to properly apply 
the procedure. , 

The tests of a welding operator shall be effective for a period ot six months 
only, at the end of which time a repetition of the tests shall be made by the 
manufacturer. Exception to this is allowable when the welding operator is regular* 
ly employed on production work embracing the same process and type of welding, 
in which case the tests may be effective for a period of one year. The tests 
conducted by one manufacturer shall not qualify a welding operator to do work 
for any other manufacturer. 

Each welding operator shall be assigned by the manufacturer an identifying 
number, letter, or symbol, which shall be stamped on all vessels adjacent to and 
at intervals of not more than 3 ft. along the welds which he makes either by hand 
or by machine, or a permanent record may be kept by the manufacturer of the 
welding operators employed on each joint, which shall be available to the inspector, 
and in such case the stamping may be omitted. 

The manufacturer shall maintain a permanent record of the welding operators 
employed by him, showing the date and result of the tests and the identification 
mark assigned to each. These records shall be certified to by the manufacturer 
and accessible to the inspector. An authorized inspector shall have the right at any 
time to call for and witness tests of the welding process or of the ability of any 
welding operator. 

b Test Welds. For the qualifications of a welding process, the number, type, 
and size of test welds shall comply with Par. UA*34. 

For the testing of a welding operator, the number, type, and size of test welds 
shall comply with Par. UA*42. 

c Test Specimens. For the qualification of a welding process, the number, 
type, and preparation of test specimens shall comply with Par. UA*36. 

For the testing of a welding operator the number, type, and preparation of test 
specimens shall comply with Par. UA*44. 

d Test Results. The minimum requirements for test results in the qualtfica' 
tion of a welding process are as follows: 
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Tensile Strength . For the reduced-section tension-test specimens the tensile 
strength shall be not less than 95 per cent of the minimum of the specified tensile 
range of the plate used for double-welded butt joints, or 85 per cent for single- 
welded butt joints. (The tension test of the joint specimen as specified herein is 
intended as a test of the welded joint and not of the plate.) 

Free'Bend Ductility. The ductility as determined by the free-bend-test 
method shall be not less than 20 per cent. 

Soundness. The root-break, side-break, and nick-break tests of the weld shall 
show in the fractured surface complete penetration through the entire thickness of 
the weld, absence of oxide or slag inclusions, and a degree of porosity not to 
exceed six gas pockets per square inch of the total area of the weld surface exposed 
in the fracture, the maximum dimension of any such pocket not to be in excess 
of Vie in., or provided the total area of the gas pockets per square inch does not 
exceed the area of six gas pockets each VlQ in. in diameter. 

X-ray tests of the test plates as provided for in Par. U-68i may be substituted 
for the nick-break test. 

The minimum requirements for test results in the testing of a welding operator 
are the same as above specified for soundness. 

U -70 All vessels covered by this code, when constructed in accordance with 
the rules of this paragraph, may be used for the storage of gases or liquids, except 
lethal 1 gases or liquids, at temperatures not materially exceeding their boiling tem- 
perature at atmospheric pressure, and at pressures not to exceed 200 lb. per sq. in., 
and/or not to exceed a temperature of 250 F. The plate thickness of shells and of 
heads fabricated of more than one piece shall be limited to 34 hi. The limitation of 
plate thickness does not apply to heads formed of a single plate. The maximum 
allowable working pressure of the vessel shall be calculated on the basis of a 
maximum unit joint working stress (S X E) in lb. per sq. in. as follows: 

Double-welded butt joint# for all joint# — 8,000 

Single-welded butt joint# for girth or head joints 6,? 00 

Double full-fillet lap weld# for girth joint# only — . — 7,000 

Plug or intermittent weld# for girth or head joints..... — .... 5,600 

For single-welded butt joints and for double full-fillet welds for longitudinal 
joints, the maximum unit joint working stress (S X E) shall be as follows: For 
material of thickness of less than hi., ?»600 lb. per sq. in.; for material of 
thickness of % to in., 7,000 lb. per sq. in. 

Lap joints as provided for in Par. U-73d shall not be used in the construction 
of vessels for the storage of gases of any kind at pressures in excess of 100 lb. per 

sq. in., nor for the storage of any liquid at a temperature exceeding its boiling 

point at atmospheric pressure. 

Welding shall meet the following test requirements based on the qualification 
test procedure given in Pars. UA-30 to UA-46. 

a Each manufacturer or contractor shall be responsible for the quality of the 
welding done by his organization and shall conduct tests not only of the welding 
process to determine its suitability to insure welds which will meet the required 
tests, but also of the welding operators to determine their ability to properly apply 
the procedure. 

The tests of a welding operator shall be effective for a period of six months 
only, at the end of which time a repetition of the tests shall be made by the manu- 
facturer. Exception to this is allowable when the welding operator is regularly 
employed on production work embracing the same process and type of welding, 
in which case the tests may be effective for a period of one year. The tests con- 
ducted by one manufacturer shall not qualify a welding operator to do work for 
any other manufacturer. 

Each welding operator shall be assigned by the manufacturer an identifying 
number, letter, or symbol, which shall be stamped on all vessels adjacent to and at 

*By “lethal substances" are meant poisonous gases or liquids of such a nature that a very smalt 
amount of the gas or vapor of the liquid mixed or unmixed with air when breathed is dangerous to 
life. For purposes of this code, this class includes substances of this nature which are stored under 
pressure or may generate a pressure if stored in a closed vessel. Some such substances are hydro- 
cyanic acid, carbonyl chloride, cyanogen, mustard gas, and xylyl bromide. For the purposes of this 
code ammonia, chlorine, natural or manufactured gas, propane, or butane are not considered as 
lethal substances, but it is the intention of the Committee that their storage should not be permitted 
in pressure vessels built in accordance with Par. U-70. 
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intervals of not more than 3 ft. along the welds which he makes either by hand or 
by machine, or a permanent record may be kept by the manufacturer of the weld' 
ing operators employed on each joint, which shall be available to the inspector, and 
in such case the stamping may be omitted. 

The manufacturer shall maintain a permanent record of the welding operators 
employed by him, showing the date and result of the tests and the identification 
mark assigned to each. These records shall be certified to by the manufacturer and 
accessible to the inspector. An authorized inspector shall have the right at any 
time to call for and witness tests of the welding process or of the ability of any 
welding operator. 

b Test Welds . For the qualification of a welding process, the number, type, 
and size of test welds shall comply with Par. UA'34. 

For the testing of a welding operator, the number, type, and size of test welds 
shall comply with Par. UA'42. 

c Test Specimens. For the qualification of a welding process, the number, 
type, and preparation of test specimens shall comply with Par. UA'36. 

For the testing of a welding operator, the number, type, and preparation of 
test specimens shall comply with Par. UA'44. 

d Test Results. The minimum requirements for test results in the qualifica* 
tion of a welding process are as follows: 

Tensile Strength. For the reduced'section tensiomtest specimen the tensile 
strength shall be not less than 85 per cent of the minimum of the specified tensile 
range of the plate used. In no case shall the tensile strength be less than 42,000 
lb. per sq. in. (The tension test of the joint specimen as specified herein is intend' 
ed as a test of the welded joint and not of the plate.) 

Frec'Bend Ductility. The ductility as determined by the free'bend'test 
method shall be not less than 10 per cent. 

Soundness. The root'break, side'break, and nick'break tests of the weld shall 
show in the fractured surface complete penetration through the entire thickness 
of the weld, absence of oxide or slag inclusions, and a degree of porosity not to 
exceed six gas pockets per square inch of the total area of the weld surface exposed 
in the fracture, the maximum dimension of any such pocket not to be in exces» of 

in*, or provided the total area of the gas pockets per square inch does not 
exceed the area of six gas pockets each iti. in diameter. 

Radiographic tests of the test plates as provided for in Par. U'68i may be 
substituted for the nick'break test. 

The minimum requirements for test results in the testing of a welding operator 
are the same as above specified for soundness. 

U-71 Material, a The materials used in the fabrication of any fusion' 
welded part of a pressure vessel covered by this code shall conform to Specifica' 
tions.S'l for Steel Boiler Plate, S'2 for Steel Plates of Flange and Firebox 
Qualities for Forge Welding, S'4 for Seamless Steel Drum Forgings, S-25 for 
Open'Hearth Iron Plates for Flange Quality, S'26 for High Tensile Strength 
Carbon'Steel Plates for Pressure Vessels (Plates 2 in. and Under in Thickness), 
S'27 for High Tensile Strength Carbon'Steel Plates for FusionAVelded Pressure 
Vessels (Plates Over 2 in. Up to and Including 4 in. in Thickness) or S'43 for 
Low'Carbon'Nickel Steel Plates for Boilers and Other Pressure Vessels. Shells 
fabricated from pipe shall conform to Specifications S- IS for Welded and Seam' 
less Steel Pipe S'l7 for Lap'Welded and Seamless Steel and Lap'Welded Iron 
Boiler Tubes, S'40 for Seamless Steel Boiler Tubes for High'Pressure Service, 
S'48 for Seamless Carbon'Molybdenum Alloy'Steel Boiler and Superheater Tubes 
or S'49 for Medium'Carbon Seamless Steel Boiler and Superheater Tubes. The 
carbon content in all such material shall not exceed 0.35 per cent. 

b Material for manhole frames, nozzles and other pressure connections 
which are to be joined to the shell or heads by fusion welding shall, when forged, 
rolled, or cast, comply with the specifications given for forgings, plates, or cast' 
—rings,, respectively, as to chemical and physical properties and be of good weldable 
quality. Small parts of cast, rolled, or forged steel of good weldable quality may 
be used as provided for in Par. U'12c. 

c If, in the development of the art of welding, other materials than those 
herein described become available, specifications may be submitted for considera' 
tion. 
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U-72 Preparation for Welding, a The plates may be cut to size and shape 
by machining or shearing, or by flame cutting if the carbon content does not 
exceed 0.35 per cent. If shaped by flame cutting, the edges must be uniform and 
smooth and must be freed of all loose scale and slag accumulations before welding. 
The discoloration which may remain on the flame-cut surface is not considered 
to be detrimental oxidation. The plates or sheets to be joined shall be accurately 
cut to size and formed. In all cases the forming shall be done by pressure ana 
not by blows, including the edges of the plates forming longitudinal joints of 
cylindrical vessels. 

b Particular care should be taken in the layout of joints in which fillet welds 
are to be used so as to make possible the fusion of the weld metal at the bottom 
of the fillet. Great care must also be exercised in the deposition of the weld metal 
so as to secure satisfactory penetration. 

C If the thickness of the flange of a head to be attached to a cylindrical 
shell by a butt joint exceeds the shell thickness by more than 25 per cent (ma xi- 
mum *4 i n -)» flange thickness shall be reduced at the abutting edges either on 
the inside or the outside, or both, as shown in Fig. 176-a. 

d The edges of the plates at the joints shall not have an offset from each 
other at any point in excess of one-quarter of the thickness of the plate, except 
for plates in excess of 54 in. in thickness, in which the offset shall not be more 
than 10 per cent (maximum J4 in.) for longitudinal joints, or 25 per cent 
(maximum J4 in.) for girth joints. 

e In all cases where plates of unequal thicknesses are abutted, the edge of the 
thicker plate shall be reduced in some manner so that it is approximately the 
same thickness as the other plate. 

f The design of welded vessels shall be such that bending stresses are not 
brought directly upon the welded joint. Fillet-welded corner joints shall not be 
used unless the plates forming the corner are properly supported independently 
of such welds. 

g Bars, jacks, clamps or other appropriate tools may be used to hold the 
edges to be welded in line. The edges of butt joints shall be so held that they 
will not overlap during welding. Where fillet welds are used, the lapped plates 
shall fit closely and be kept together during welding. 

h The surfaces of the sheets or plates to be welded shall be cleaned thorough- 
ly of all scale, rust, oil, or grease for a distance of not less than V 2 in. from the 
welding edge. Grease or oil may be removed with gasoline, lye, or the equivalent. 
A steel-wire scratch brush may be used for removing light rust or scale, but for 
heavy scale, slag, and the like, a grinder, chisel, air hammer, or other suitable tool 
shall be used to obtain clean and bright metal. When it is necessary to deposit 
metal over a previously welded surface, any scale or slag therefrom shall be 
removed by a roughing tool, a chisel, an air chipping hammer, or other suitable 
means to prevent inclusion of impurities in the weld metal. 

i The dimensions and shape of the edges to be joined shall be such as to 
allow thorough fusion and complete penetration. 

j For double-welded butt joints the reverse sides shall be chipped, ground, 
or melted out so as to secure a clean surface of the originally deposited weld prior 
to the application of the first bead of welding on the second side. Such chipping, 
grinding, or melting out shall be done in a manner that will insure proper fusion 
of the weld metal. These requirements are not intended to apply to any process 
of welding by which proper fusion and penetration are otherwise obtained and 
no impurities remain at the base of the weld. 

\ If the welding is stopped for any reason, extra care shall be taken in 
re-starting to get full penetration to the bottom of the joint and thorough fusion 
between the weld metal and the plates, and to the weld metal previously deposited. 

I Where single-welded butt joints are used, particular care shall be taken in 
aligning and separating the edges to be joined so that complete penetration and 
fusion at the bottom of the joint will be assured. 

U-73 Joints . a Longitudinal. Longitudinal joints on vessels covered by 
Pars. U-68 and U-69 shall be of the double-welded butt type and shall be rein- 
forced at the center of the weld on each side of the plate by at least in. up 
to and including 34dn. plate, and up to ]/$ in. for heavier plates. The reinforce- 
ment may be removed but if not removed shall be built up uniformly from the 
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surface of the plate to a maximum at the center of the weld. Particular attention 
is called, however, to the importance of the provision that there shall be no 
valley or groove along the edge of or in the center of the weld, but that the 
deposited metal must be fused smoothly and uniformly into the plate surface at 
the top of the joint. 1 The finish of the welded Joint shall be reasonably smooth 
and free from irregularities, grooves, or depressions. Where a welded butt joint 
is made the equivalent of a double-welded butt joint (See note in Par. U-67), 
by using a backing-up strip and adding filler metal from one side only, the 
reinforcement shall not be less than M 6 in. This type of joint shall only be used 
in cases where the inside of the weld is inaccessible for welding. The reinforce' 1 
ment may be machined off, if so desired. , , ^ 

The longitudinal joints of vessels covered by Par. U-70 may be of the butt' 
welded type for thicknesses of 34 in. or less, or of the double-welded lap type for 
thicknesses of V& in. or less, or of the single-welded butt type for thicknesses of 
\A i n , or less. If of the lap type the throat dimension of each of the welds shall 
not be less than 34T, where T represents the thickness of the plate. Both edges 
of the lap shall be welded and the surface overlap shall not be less than 4T. The 
reinforcement for a single-welded butt joint shall not be less than M e in. The 
reinforcement may be machined off, if so desired. 

h Where vessels are made up of two or more courses with welded longi- 
tudinal joints, the joints of adjacent courses shall be not less than 60 deg. apart. 

c Circumferential Circumferential and other joints of vessels uniting the 
plates of the shell, or other pressure parts, except as provided for in Par. U-59, 
covered by Par. U-68 shall be of the double-welded butt type. Circumferential 
and other joints of vessels uniting the plates of the shell, or other pressure parts, 
except as provided for in Par. U-59, covered by Par. U-69 shall be of the double- 
welded butt type, except for thicknesses of 34 in. or less, in which case they may 
be of the single-welded butt type. Circumferential and other joints of vessels 
uniting the plates of the shell, or other pressure parts, except as provided for in 
Par. U-59, covered by Par. U-70 may be of the butt or lap type. The details of 
all of these joints shall conform to the requirements of longitudinal joints given 


in (a). 

d Dished heads concave to the pressure when used on vessels covered by 
Par. U-70 may be inserted with a driving fit and fillet welded inside and outside, 
except that for vessels 20 in. in diameter or less the heads may be welded on the 
outside only. The welds shall be located on the flange of the head at a distance 
not less than twice the thickness of the head from the point of tangency of the 
knuckle and not less than J4 in. 

e Heads concave to the pressure and/or plate edges at girth joints to be 
attached by butt joints shall be aligned so that the deviations are not more than 
permitted by the limitations of Par. U-72, but if greater, correction shall be made 
by re-forming the shell or head, whichever is out of true, until the errors are 
within the limits specified. The edges of head and girth joints shall be kept 
separated at the point of welding enough to insure thorough penetration of the 
weld metal. 


/ Flat heads may be welded into any pressure vessel under the rules given in 
Par. U-39<s. 


U-74 Holes. No unreinforced hole shall be located in a welded joint. When 
an unreinforced hole in the plate is located near a welded joint the minimum 
distance between the edge of a hole and the edge of the weld shall be equal to 
the thickness of the plate when the plate thickness is from 1 in. to 2 in. With 
plates less than 1 in. in thickness, this minimum distance shall be I in. With plates 
over 2 in. m thickness, the minimum distance shall be 2 in. 

U-75 Dished ' Heads . Dished heads convex to the pressure shall have a 
flange not less than V/z in. long and shall be inserted into the shell with a driving 
fit and welded as shown in Fig. U-14. 


Ilf the reinforcement is built up so as to form a ridge with a valley or depression at the edge 
of the weld next to the plate, the result is a notch which causes concentration of stress and reduces 
the strength of the joint. 
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Dished heads concave to the pressure shall have a length of flange not less 
than 1 in. for shells not over 24 in. in diameter. For vessels over 24 in. in 
diameter this length shall be not less than V/2 in. 

U-76 Stress Relieving, a All fusion'welded vessels constructed in accord' 
ance with Par. U-68 shall be stress relieved. 

b Vessels constructed in accordance with Par. U'69 shall be stress relieved 
where the thickness exceeds V/4 in., or where both the wall thickness is greater 
than 0.58 in. and the shell diameter less than 20 in., and for other wall thicknesses 
and shell diameters where the diameter in inches is less than 120t — 50, where t is 
the thickness in inches. 

c Where stress relieving is required it shall be done by heating uniformly to 
at least 1100 F, and up to 1200 F, or higher, if this can be done without distort 
tion. The structure or parts of the structure shall be brought slowly up to the 
specified temperature and held at that temperature for a period of time propor* 
tioned on the basis of at least one hour per inch of thickness and shall be allowed 
to cool slowly in a still atmosphere. 
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Fig. 176. Welded head attachments. 


d All connections attached by fusion welding shall be stress relieved on 
vessels requiring stress relief and as required by Par. lM9p or q. 

e The structure shall be stress relieved by any of the following methods: 

(1) Heating the complete vessel as a unit. 

(2) Heating a complete section of the vessel (head or course) containing 
the part or parts to be stress relieved before attachment to other sections of the 
vessel. 

($) In cases where the vessel is stress relieved in sections, stress relieving 
the final girth joints by heating uniformly a circumferential band having a 
minimum width of 6 times the plate thickness on each side of the welded seam 
in such a manner that the entire band shall be brought up to the temperature 
and held for the time specified above for stress relieving. 

( 4) Nozzles or welded attachments for which stress relief is required, 
may be locally stress relieved by heating a circular area around the nozzle or 
attachment provided any part of the welded edge thereof is not less than 
12t (t = thickness of plate) from the nearest adjacent welded joint or other 
element that would tend to restrict the free expansive movement of the heated 
area. The outside dimensions of this annular ring to be heated shall be at least 
6t away from the outermost weld but not less than 5 in., and the entire area shall 
be heated simultaneously. 


Rules For Qualification of Welding Process and Testing 
of Welding Operators 

Part I Qualification for Welding Process 

UA-30 Limitation of Variables. For the qualification of each welding proc* 
ess the manufacturer shall establish and record as a process specification the 
definite limits of all essential variables involved, and in the investigation of each 
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welding process the process specification shall be followed. The process specifica' 
tions shall cover the following items: Process, base metal, filler metal, prepara' 
tion of base material, nature of welding flame, nature of electric current and 
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Fig. 177. Reduced-section tension-test specimen. 


current characteristics, method of welding, number of layers or beads, shielding 
of arc or flame, cleaning or peenmg, removal of defects, treatment of underside 
of groove, heat treatment. 

UA-31 Types of Test and Purpose. The types of tests outlined below are 
to determine the tensile strength, ductility, and lack of soundness of welded joints 
made under a given process specification. Whereas some of the required tests are 
intended solely for the determination of lack of soundness, all types of test sped' 
mens shall be examined for lack of soundness if failure occurs in the welded joint 
Lack of fusion or root penetration, cracks, slag, and gas inclusions constitute lack 
of soundness The tests required are as follows: 

For all types of welded butt joints. 

(1) Reduced'section tension test: For tensile strength and lack of sound' 
ness of welded joints. 

(2) Free'bend test: For ductility of weld metal in welded joints and 
lack of soundness. 

(3) Root'break test: For lack of soundness of welded joints. 

( 4) Side'break test: For lack of soundness of welded joints. 

(5) Nick'break test: For lack of soundness of weld metal in welded 
joints. 
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UA-32 Base Material and Its Preparation. The base material and its prep' 
aration for welding shall comply with the process specification. For all types of 
welded joints the length of the weld and the dimensions of the base material shall 
be such as to provide sufficient material for the test specimens called for herein' 
after. 

UA-33 Position of Test Welds, a Classification of Position. All welds 
that will be encountered in actual construction shall be classified as being in the 
(1) flat, (2) horizontal, (3) vertical, or (4) overhead position depending upon 
the manner in which the weld metal must be deposited. 

b Butt Joints in Plate. In making the test welds for butt joints in plate, 
the test plates shall be placed in an approximately horizontal plane for the 

(1) flat and (4) overhead positions, and in an approximately vertical plane for the 

(2) horizontal and (3) vertical positions. The weld metal shall be deposited from 
the upper side of the test plates for the flat position, and from the underside thereof 
for the overhead position. The test welds shall be run horizontally for the horizontal 
position and vertically for the vertical position. 

UA-34 Number, Type, and Size of Test Welds. Butt Joints in Plate. For 
butt joints in plate two test welds shall be made for each process and position to 
be used in construction. One test weld shall be made in the minimum thickness 
and one in the maximum thickness of material that will be used in construction 
except that the thickness shall not exceed that permitted for the particular class 
of vessels under construction, that is, Par. U'69 or Par. U'70 vessels. 

Lap Joints in Plate for Par. U'70 Vessels. If lap joints are to be used in the 
construction of Par. U'70 vessels, two singk'welded butt joints shall be made for 
each process and position to be used in construction. One test weld shall be made 
in a plate thickness equal to the maximum size single'pass fillet weld and one in 
the plate thickness equal to the minimum size multipk'pass fillet weld that will be 
used in construction, except that in no case may the plate thickness for such test 
welds exceed Y& in. 

UA-35 Welding Procedure. The welding procedure shall comply in all 
respects with the process specification established by the manufacturer. 

UA-36 Test Specimens — Number, Type, and Preparation. Butt Welded 
Joints. From each test weld there shall be taken the following test specimens 



which shall be prepared for testing as shown in the figures referred to: 

For single'welded butt joints in plate: Two reduced'section tensile specimens, 
Fig. 177; two free'bend specimens, Fig. 178; two root'break specimens. Fig. 179; 
two side'break specimens. Fig. 180; two nick'break specimens. Fig. 181. 

For doubk'welded butt joints in plate: Two reduced'section tensile specimens, 
Fig. 177; four free'bend specimens, Fig. 178; two side'break specimens, Fig. 180; 
two nick'break specimens, Fig. 181. 

UA-37 Method of Testing Specimens, a Reduccd'Section Tensile Sped > 
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mens. Before testing, the width, thickness and cross'sectional area at. the weld 
shall be recorded. Each specimen shall be loaded in tension at a uniform rate 
until fracture occurs, and the maximum load in pounds shall be recorded. The 
tensile strength shall be recorded as the maximum load divided by the cross- 
sectional area as above recorded. If failure occurs in the welded joint, the 
fractured surfaces shall be examined for lack of soundness. . 

b Free'Bend'Test Specimens. For single-welded butt joints the scribed lines 
shown in Fig. 178 shall be on the surface opposite the root of the weld. For 
double-welded butt joints the scribed lines on two of the specimens shall be on one 
surface of the weld and on the other two specimens shall be on the opposite surface 
of the weld. The distance between the scribed lines is to be measured in Moo parts 
of an inch and this measurement recorded as the initial gage length.. 

Initial bends shall be made as shown by the broken lines in Fig. 182 and in 
all cases the initial bends shall be in the same relation to the scribed lines as shown 
m Fig. 182. 

The specimen with the initial bend at each end shall be placed as. a strut in 
a vise or compression machine and pressure applied gradually (that is, without 
shock) at the ends until failure occurs in the outside fibers of the bend specimen. 
When a crack is observed in the convex surface of the specimen between the 
edges, the specimen shall be considered to have failed and the test shall be stopped. 
Cracks at the corners of the specimens shall not be considered as a failure. The 
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Fig. 18*D« Side-break-test specimen. 


appearance of small defects in the convex surface shall not be considered as a 
failure if the greatest dimension does not exceed Me in. The specimen shall then 
be removed from the vise or machine and the maximum distance between the 
scribed lines measured on the curved surface in Moo parts of an inch, this measure- 
ment being recorded as the final gage length. This measurement may be made 
by means of a flexible scale. The difference between the final and initial gage 
lengths divided by the initial gage length shall be recorded as the percentage of 
“free-bend ductility.” The specimen shall then be replaced in the vise or com- 
pression machine and pressure again applied until the specimen is broken in two 
or until it is bent flat upon itself. If the specimen breaks in the welded joint the 
surface of the fracture shall be examined for lack of soundness. 

c Root'Brca\ Specimens. The specimen shall be supported and pressure 
applied as shown in Fig. 183. The root of the weld shall be opposite the side 
upon which pressure is applied. If fracture of the specimen does not occur using 
the method shown in Fig. 183, the specimen shall be removed from the fixture 



Fig. 181. Nick-break-tost specimen. 
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shown and pressure shall then be applied to the specimen in the direction of AA 
until fracture occurs or the specimen is bent fiat upon itself. The surface of the 
fracture shall be examined for lack of soundness. 

d Side'Brea\ Specimens. The specimen shall be supported and pressure 
applied as shown in Fig. 184. If fracture of the specimen does not occur using 
the method shown in Fig. 184, the specimen shall be removed from the fixture 
shown and pressure shall then be applied to the specimen in the direction AA 
until fracture occurs or the specimen is bent flat upon itself. The surfaces of the 
fracture shall be examined for lack of fusion. 

e 7 Lic\'Brea\ Specimens. The specimen shall be supported as shown in 
Fig. 185 and broken by a sudden blow or blows applied at the center of the weld. 
The blow should be applied preferably by a power hammer or falling weight, and 
be of sufficient intensity to cause a sharp sudden fracture of the specimen through 
the nicked portion. The surfaces of the fracture shall be examined for lack of 
soundness. 



Doffed Lines* Show Pre !i mi nary Bends which may be 
Made in any Manner Provided no Concentrated 
Bending Stress is Placed on the Yield 


Fig. 182. Position of initial bends in free-bend-test specimen. 

Part II Qualification Tests of Welding Operators 

UA-3S For the qualification of an operator under any welding process that 
has been qualified as outlined in Part I, the following procedure shall be used. 

UA-39 Types of Test Required . The tests required for the qualification 
of an operator are limited to those intended for determination of lack of sound' 
ness. For each process an operator need be qualified only for the types of joints 
and positions that he will encounter in construction. The types of tests required 
are as follows: 



Fig. 183. Method of testing root-break-test specimen. 

( 1 ) Single-welded butt joints: (a) Face-break test, (b) Root-break test, 
( c) Side-break test. 

(2) Double-welded butt joints: (a) Face-break test, (b) Side-break test. 

UA-40 Base Material and Its Preparation. The base material and its prep- 
aration for welding shall comply with the process specification. For all types of 
welded joints the length of the weld and the dimensions of the base material shall 
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be such as to provide sufficient material for the test specimens called for herein' 
after. 

UA-41 Position of Test Welds, a Classification of Position. The classi' 
fi cation of position shall be the same as specified in Par. UA-33d, namely, (1) flat, 
(2) horizontal, (3) vertical, (4) overhead. 



Fig. 184. Methods of testing side-break-test specimen. 


b Butt Joints in Plate. In making the test welds for butt joints in plate, the 
test plates shall be placed in an approximately horizontal plane for the (1) flat 
and (4) overhead positions, and in an approximately vertical plane for the 
(2) horizontal and (3) vertical positions. The weld metal shall be deposited from 
the upper side of the test plates for the ( 1 ) flat position, and from the underside 
thereof for the (4) overhead position. The test welds shall be run horizontally 
for the (2) horizontal position and vertically for the (3) vertical position. 

UA-42 Number, Type and Size of Test Welds. Butt Joints in Plate. For 
butt joints in plate the operator shall make for each process and position one test 
weld in the maximum thickness of material for which he is to be qualified except 
that the thickness shall not exceed that permitted for the particular class of 
vessels under construction, that is, Par. U-69 or Par. U'70 vessels. 
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Fig. 185. Method of testing nick-break-test specimen. 


UA-43 Welding Procedure. The welding procedure shall comply in all 
respects with the process specification. 

UA-44 Test Specimens , Number, Type, and Preparation. — Butt Welded 
Joints. From each test weld there shall be taken the following test specimens 
which shall be prepared for testing as shown in the figures referred to: 

For single-welded butt joints in plate: One face-break specimen, Fig. 179; 
one root-break specimen, Fig. 179; one side-break specimen, Fig. 180. 

For double-welded butt joints in plate: Two face-break specimens. Fig. 186; 
one side-break specimen. Fig. 180. 

UA-45 Method of Testing Specimens, a Facc'Brca\'Tcst Specimens. 
The specimen shall be supported and pressure applied as shown in Fig. 183, except 
that the face of the weld shall be opposite the side upon which pressure is applied. 
For double-welded butt joints one specimen shall be tested with one face down 
and the other specimen with the opposite face down. 
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If fracture of the specimen does not occur using the method shown in 
Fig. 183, the specimen shall be removed from the fixture and pressure shall 
then be applied to the specimen m the direction AA until fracture occurs or the 
specimen is bent flat upon itself. The surfaces of the fracture shall be examined 
for lack of soundness. 

b Root'Brea\ Specimens . The specimen shall be supported and pressure 
applied as shown in Fig. 183. The root of the weld shall be opposite the side 
upon which pressure is applied. If fracture of the specimen does not occur using 
the method shown in Fig. 183, the specimen shall be removed from the fixture 
shown and pressure shall then be applied to the specimen in the direction AA 
until fracture occurs or the specimen is bent flat upon itself. The surfaces of the 
fracture shall be examined for lack of soundness. 



The Length of The Bend Specimen islm material Provided the Bend 
occurs at f he We/d. The Minimum Length Indicated is only Suqaest/ve 
and is Not Mandatory 


Fig. 186. Face-break-t©st specimen. 


c Side'Brea\ Specimens. The specimen shall be supported and pressure 
applied as shown in Fig. 184. If fracture of the specimen does not occur using 
the method shown in Fig. 184, the specimen shall be removed from the fixture 
shown and pressure shall then be applied to the specimen in the direction AA 
until fracture occurs or the specimen is bent flat upon itself. The surfaces of the 
fracture shall be examined for lack of soundness. 

UA-46 Retests. In case an operator fails to meet the requirements on one 
or more test welds a retest may be allowed under the following conditions: 

( 1 ) An immediate retest may be made which shall consist of two test 

welds of each type on which he failed, all of which shall meet all the require' 
ments specified for such welds. , . 

(2) A retest may be made after the lapse of one week provided there is 
evidence that the operator has had further training or practice. In this case 
only one set of test welds of each type on which he failed need be made. 


WELD INSPECTION 

From an inspection standpoint one of the greatest advantages of 
arc welding is that the inside of the joint may be observed as the joint is 
being made . Welding is probably the one process of joining metals where 
this is true. Inspection is best accomplished during the process of 

making the weld. ... . 

Each and every weld cannot be inspected, but as in many other 
processes the careful observation of a number of joints is used as a 
basis of inspection and report. Work of any description is seldom 
tested or inspected in all details. Obviously the proper type of 
generator, the correct electrodes and suitable base metal must be used. 
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Various methods may be employed in the inspection of welds, the 
simplest and most expedient being visual inspection. Experience 
and keen perception of the inspector are requisites. Visual inspection 
may be considered under these three groups: 

(1) Training the inspector 

(2) Inspection during welding 

(3) Inspection after welding 

Training the Inspector. — The method: Maintain all conditions 
except one fixed and note the effect of variation of that one condition. 
The conditions are: (1) arc current, (2) arc voltage, and (3) arc 
speed, for a certain plate thickness, type of joint, and size of electrode. 
The results to be observed are: 

(1) Consumption of electrode. How it burns off — smoothly 
or evenly. 

(2) Crater. Its size, shape and appearance of surface. 

(3) Bead. Its size, shape and fusion. 

(4) Sound of the arc. 

Observing these four items and noting the effect of variation of 
one of the three conditions the initial observation is made under 
normal conditions, i.e. 

(1) arc current— 100% normal 

(2) arc voltage = 100% normal 

(3) arc speed =100% normal 

The second observation is made with 

(1) arc current = 50% normal 

(2) arc voltage = 100% normal 

(3) arc speed *=100% normal 

The third observation is with 

(1) arc current = 150-250% normal 

(2) arc voltage = 100% normal 

(3) arc speed =100% normal 

Fourth observation is with 

(1) arc current = 100% normal 

(2) arc voltage = 50% normal 

(3) arc speed = 100% normal 

Fifth observation is with 

(1) arc current = 100% normal 

(2) arc voltage = 150-200% normal 

(3) arc speed = 100% normal 

Sixth observation is with 

(1) arc current == 100% normal 

(2) arc voltage = 100% normal 

(3) arc speed = 50% normal 
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Seventh observation is with 

(1) arc current = 100% normal 

(2) arc voltage— 100% normal 

(3) arc speed = 50-250% normal 

The effects of variation on conditions are more apparent when bare 
electrodes are used and it is suggested that these be used for the first 
series of observations. Then use the shielded arc electrodes which 
are more automatic and less sensitive to adverse conditions, assuring 
excellent results readily. The method of observation is the same as 
for bare electrodes. 

Careful observation of the operations by actual performance in the 
shop will enable a good observer to become a trained welding in- 
spector. This training and experience will be of great assistance to 
the inspector in judging welds both during and after welding. 

Inspection During Welding. — The method outlined above applies 
to the inspection of welds during their making. 

Inspection After Welding. — As in the inspection during welding, 
certain telltale signs will reveal considerable information to a qualified 
inspector after the welding is done. Items to consider in inspecting 
after welding include size and shape of bead, appearance of bead, 
undercut, overlap, location of craters, (indicating where operator 

ABC D E F G 



Fig. 187. Plan and elevation views of welds made with shielded arc electrode under 
various conditions. (A) Current, voltage and speed normal. (B) Current too low. (C) 
Current too high. (D) Voltage too low. (E) Voltage too high. (F) Speed too low. (G) 
Speed too high. 

started and stopped welding). A study of the weld and proper inter- 
pretation of these telltale signs will disclose other conditions of 
welding. These conditions are illustrated in Figs. 187 and 188 for 



Tabulation of Resultant Weld Characteristics obtained when proper welding procedure is used except as indicated, 
This tabulation applies only to welding of mild rolled steel in flat position with heavily coated shielded arc electrodes. 

Resulting Weld Characteristics (See Fig. 188) 
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shielded arc electrode and in Fig. 139 for bare electrode. The illustrations 
show the appearance of beads deposited under different procedures, 
some good — some poor. A study of these will indicate clearly what 
normal conditions are and the comparison to abnormal conditions. See 
the tables on Page 126 and 128. 

Inspection with Stethoscope. — By listening with the stethoscope 
while tapping gently along a welded seam with a light hammer a very 
experienced person is able to detect the difference in sound when the 
hammer strikes the weld in the immediate vicinity of a fault. The 
stethoscope method requires by far the least and simplest equipment 
of any of the nondestructive inspection methods excepting visual 


Tabulation of Resultant Weld Characteristics obtained when proper welding procedure is used except as indicated. 
This tabulation applies only to welding of mild rolled steel in flat position with bare or washed electrodes. 

Resulting Weld Characteristics (See Fig. 189) 
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inspection, described previously. Its effective use requires a high order 
of perception of sound quality, together with considerable skill and 
training. 

Electro-Magnetic Method of Inspection. — The magnetic reluctance 

of a weld of ferromagnetic material is increased by any fault occurring 
in it. Hence, if a magnetic flux is passed through the weld and adjacent 
base metal, with the lines of flux approximately at right angles to the 


Fig. 189. Fillet weld specimens made with bare electrode. See table on page 128 for explanation. 
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weld, there will be more leakage flux directly over the. faults than, at 
good portions of the weld. The faults can be detected either by sifting 
iron filings or iron powder on a piece of paper placed on the weld 
and observing the picture formed, or by exploring with an instrument 
capable of reading the strength of the leakage flux.. An additional 
variation is to sift the powder direct on to the metal being tested. This 
gives greater sensitivity and reaches deeper into the weld being tested. 

This method is quite sensitive to cracks or poor fusion at or only 
a short distance under the surface of the weld, particularly if the weld 
is smooth and flat and in flat position. The sensitivity is considerably 
impaired by the rough surface of the weld, by sloping or vertical 
surface, or by the fault being buried far beneath the surface. 

Inspection by X-Ray. — Weld metals can be X-rayed and their 
internal defects made clearly visible on photographic film. If within 
a weld there are cracks, holes or general porosity, the X-ray film will 
reveal the condition. The method is simple. It consists of placing an 
X-ray tube on one side of the weld and the photographic film on the 
other. After proper exposure, depending upon the thickness of the 
material, strength of X-ray, the film is developed and examined for 
defects in the weld. This method is widely used as final inspection of 
pressure vessels which come under U-68 of the A.S.M.E. Boiler Code. 

The Gamma Ray Method. — Newer than but similar in method 
to X-ray inspection is inspection by Gamma rays. The Gamma ray 
emanates from radium. This ray penetrates the weld more quickly 
than the X-ray and is therefore used for inspecting heavy work which 
would require impracticably long X-ray exposures or for speeding up 
inspection on ordinary material 

INSURANCE OF FUSION WELDED VESSELS 

Boiler insurance is that form of insurance protection which re- 
imburses the policyholder against certain losses that he may suffer 
through the explosion or bursting of a steam boiler because of the 
pressure of steam within it. This form of insurance may also include 
many kinds of unfired pressure vessels, such as air tanks, water 
storage tanks, ammonia receivers, and a vast number of other types 
of vessels or tanks used in various industries. For many such vessels, 
freedom from leakage is essential and increasing use is being made of 
fusion welding, instead of riveting, in their fabrication. However, 
the welding must be properly done, so as to be free from serious 
defects and avoid any failure of the vessel which might occur and 
cause extensive property damage and possibly loss of life. 

Just as fire insurance companies seek to prevent the cause of fires, 
so boiler insurance companies seek to overcome weaknesses in pressure 
vessel construction, and thus reduce both the frequency of, and the 
damage resulting from, the explosion of such vessels. 

Boiler insurance companies for a long time regarded fusion welded 
vessels with suspicion because experience had shown that many such 
vessels were poorly welded. Because of the difficulty of judging the 
soundness of a welded joint from its exterior appearance, good weld- 
ing suffered with the bad. One prominent boiler insurance company. 
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which felt that this condition should not exist, decided that the most 
satisfactory means of assuring that a fusion welded vessel was safe 
to operate would be to start in the plant of the manufacturer where 
the vessel is built. It was felt that safe welds would be obtained if 
(1) proper procedure of welding, one that would give proper tensile 
strength, ductility and soundness, was followed, and if (2) the weld- 
ing operators were trained and then tested to determine their ability 
to produce sound welds under that procedure. 

The fundamentals of this plan were later incorporated in the 
A.S.M.E. Codes for the Construction of both Boilers and Unfired 
Pressure Vessels. Boiler insurance companies have now adopted those 
Codes as the recommended standard of construction for all kinds of 
pressure vessels, both riveted and fusion welded. 

The A.S.M E. Code does not specify how the welding must be 
done. It does require that the manufacturer, who wishes to stamp 
his products with the Code symbol, must definitely fix or limit all 
variables that are an essential part of his welding process. He must 
then prove, by certain tests, that all welding operators he employs 
on construction of Code vessels have demonstrated their ability, when 
following the fixed procedure of welding, to produce welds that will 
show the degree of tensile strength, ductility and soundness, called 
for by the Code. 

The A.S.M.E. Code requires that a vessel which is to be stamped 
with the Code symbol shall be inspected during construction by 
an authorised inspector. The Code defines an authorised inspector 
as vt A state or municipal inspector of pressure vessels, or an inspector 
employed regularly by an insurance company which is authorised 
to do a pressure vessel insurance business in the state in which the 
vessel is built, or in the state in which it is to be used, if known. 51 

It is the practice of one Boiler Insurance Company, which is 
extensively engaged in making shop inspections of Code vessels, to 
require the manufacturer to furnish a written specification outlining 
in detail his procedure for welding. The Insurance Company then 
makes an investigation at the plant of the manufacturer to determine 
that the given procedure will produce the required results and the 
manufacturer is then required to test all his welding operators. In- 
spections are made by the Insurance Company Inspector during 
construction and at the time of hydrostatic test of all vessels. If all 
requirements of the A.S.M.E. Code have been met, the Inspector 
authorizes application of the Code stamping to each boiler or pressure 
vessel and signs the certificate stating that the object has been con- 
structed in accordance with the Code. A somewhat similar procedure 
has been adopted for the investigation of fabricators of fusion welded 
pipe fittings and of fusion welded pipe lines. 

It will be noted from the above that the Insurance Company, 
through its Inspectors, certifies that a specific boiler or pressure vessel 
complies with the A.S.M.E. Code and before such certification can 
be made it is necessary that the Inspector satisfy himself that the 
method of welding was satisfactory and that the welding operators 
were competent to apply that method. However, the Inspector does 
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not certify, qualify or approve any welding process, welding operators, 
welding electrodes or other equipment used in the fabrication of the 
vessel. 


WELDING CODES, RULES, REGULATIONS AND 
SPECIFICATIONS 

Codes recommending procedures for obtaining specified results 
in the welding of various structures have been established by societies, 
institutes, bureaus and associations, as well as state and federal 
departments. The principal codes are listed below according to 
applications. Following each code designation is a number which refers 
the reader to the name and address of the sponsor given at the end 
of the code listing. Copies of any particular code or codes may be 
obtained by writing the sponsor at the address given. 

Pressure Vessels 

A.S.M.E. Power Boiler Code for welding drums and shells of power 
boilers. (1) 

A.S.M.E. Unfired Pressure Vessel Code for welding all types of 
pressure vessels. See Page 106 (1) 

A.P.I."A.S.M.E. Unfired Pressure Code for welding tanks, etc. 
for petroleum, liquids and gases. (1) or (2) 

Amended Rules I and II of the general rules and regulations of 
the U. S. Dept, of Commerce, Bureau of Navigation and Steaim 
boat Inspection — 51st supplement to general rules and regulations 
containing a section on fusion welding, (3) or (4) A.W.S. Rules 
and Fusion Welding of Drums and Shells of Marine Boilers and 
Pressure Vessels. (1) 

Codes Used by Department of the U. S. Gov’t including specifica- 
tions of bureau of engineering, U. S. Navy, (14) Many codes 
confidential. 

Requirements for Repairs by Fusion Welding of Boilers or Other 
Pressure Vessels — a brief set of rules formulated by the National 
Bureau of Casualty and Surety Underwriters in cooperation with 
the National Board of Boiler and Pressure Vessel Inspectors, to 
indicate the extent to which fusion welding will be acceptable 
to the authorities for repairing steam boilers. (5) 

Tanks 

A.W.S. Tentative Rules for the Fusion Welding of Gravity Tanks, 
Tank Risers and Towers. (6) or (10) 

Piping 

Code for Pressure Piping: Power — Gas and Air — Oil — District 
Heating. (4) or (10) 

Specifications of Heating and Piping Contractors National Asso' 
elation for Welding Steel and Wrought Iron Pipe. Contain 
requirements for fusion welding of all steel and wrought iron pip' 
ing, both standard and extra heavy weight, plain or galvanised, 
for steam and process piping operating at pressures not exceeding 
250 lb. gauge nor 406° F. (7) 

Code and Regulations for the Welding of Steam Piping — de^ 
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partment of labor and industry, board of boiler rules. State of 
Michigan. (8) 

Revised Tentative Code of Safety Rules and Regulations Cov- 
ering the Installation of Pressure Piping — department of industrial 
relations and the industrial commission of the State of Ohio. (9) 
Code for Marine Piping. (10) 

Structural and Bridges 

A.W.S. Code for Fusion Welding and Gas Cutting in Building 
Construction. Includes appendices on specifications for filler metals, 
qualification tests for operators of welding equipment, recom- 
mended welding practices and weld symbols. (10) A.W.S. Code 
for Resistance Welding of Structural Steel in Building Con- 
struction. (10) 

A.W.S. Specifications for Design, Construction, Alteration and 
Repair of Highway and Railway Bridges by Fusion Welding. (10) 
Navy Department Code for yards and docks. (15) 

Machinery 

A.W.S. Code for Fusion Welding and Flame Cutting in Machinery 
Construction. (10) 

Ships 

A.W.S. Marine Code for Welding and Gas Cutting — Part D. 
Rules for the fusion welding of hulls and hull parts. (10) 

Lloyd’s Register of Shipping Regulations for the Application 
of Electric Welding in Ship Construction. Contained in this 
society’s rules and regulations for the Construction of steel vessels. 
(ii) 

General Specifications — Bureau of Engineering, U. S. Navy. (12) 
Rules of American Bureau of Shipping. (13) 

Specifications for Electrodes, U. S. Navy. (14) 

Marine Piping Code. (10) 

Aircraft Construction 

Department of Commerce Specifications, bureau of air com- 
merce. (14) Also confidential specifications, Air Corps, De- 
partment of War. (14) 

General Rules 

A.W.S. Tentative Specifications for Filler Metal for Use in Fusion 
Welding. (10) 

A.W.S. Fusion Welding Symbols. (10) 

A.W.S. Report of Committee on Welded Rail Joints. (10) 

A.W.S. Rules for Welding or Cutting Certain Types of Con- 
tainers Which Have Held Combustibles. (10) 

Tentative Rules for Qualification of welding processes and testing 
of Welding Operators. (10) 

Standard Methods for Mechanical Testing of Welds. (10) 

Welding Symbols and Instructions for their use. (10) 

Electric Welding Machinery 

A.S.A. Codes for Arc Welding Machines and Transformers and 
Resistance Welding Transformers. (4) 
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NAMES AND ADDRESSES OF CODE SPONSORS 

(1) American Society of Mechanical Engineers, 29 W. 39th St., New York 
City. (2) American Petroleum Institute, 50 W. 50th St., New York City. 
(3) Government Printing Office, Washington, D. C. (4) American Standards 
Association, 33 W. 39th St., New York City. (5) National Bureau of Casualty 
6? Surety Underwriters, 1 Park Ave., New York City. (6) National Board of 
Fire Underwriters, 85 John Street, New York City. (7) Heating, Piping and 
Air Conditioning Contractors, Suite 1401, 1250 Sixth Ave., New York City. 
(8) Department of Labor and Industry, Lansing, Mich. (9) Superintendent, 
Division of Safety and Hygiene, Columbus, Ohio. (10) American Welding 
Society, 33 W. 39th St., New York City. (11) Lloyd’s Register of Shipping, 
17 Battery Place, New York City. (12) Bureau of Engineering, United States 
Navy Dept., Washington, D. C. (13) American Bureau of Shipping, 24 Old 
Slip, New York City. (14) Bureau of Department mentioned, Washington, 
D. C. (15) United States Navy Department, Bureau of Docks and Yards, 
Washington, D. C. 



Fig. 190. A large "Travograph" cutting axle brackets from steel 7" thick. 


FLAME-CUTTING 

Description* — Flame-cutting of ferrous metals is a process of pre- 
heating the material to be cut to its kindling or ignition temperature, 
and then rapidly oxidising it by means of a closely controlled and 
regulated jet or stream of oxygen issuing from a special tool called 
a cutting blow-pipe or torch. Hence the process is primarily a chemical 
one, based on the remarkable chemical affinity of oxygen for ferrous 
metals, when raised to, or above, the kindling temperature. The oxide 
of iron formed in flame-cutting is a black, brittle substance, identical 
in composition with hammer scale or magnetite ore. Its chemical 
formula is FE3O4. In addition to the chemical reaction in cutting, 
there is a noticeable and helpful mechanical eroding effect produced by 
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the kinetic energy or motive power of the cutting oxygen stream. This 
washes away considerable of the molten metal in unoxidized or metallic 
form, and adds to the efficiency and economy of the process. In the 
case of carbon steel, the metal is preheated to a bright red color, in 
daylight, a condition reached approximately between 1400 and 1600 
deg. F. Only the metal within the direct path of the oxygen 
stream is acted upon. In linear cutting, or severing, a narrow race, 
or kerf, as it is usually called, is formed, having uniformly smooth and 
parallel walls. Where the torch is held firmly and advanced at uniform 
speed, as in machine flame-cutting, under skilled workmanship, cross' 
cut tolerances can be kept within narrow limits. In ordinary steel 
of 6 inches in thickness, for example, cut surfaces can be held true as to 
cross-sectional squareness to within %2 in. Cuts in thinner sections 
can be held within proportionately smaller limits. Machine flame cuts 
can be made so smooth and square and with such sharp edges that, for 
many applications, they require no further finishing of any kind. 

Effect On Steel. — There is no detrimental effect when low and 
mild carbon non-alloy steels, containing less than 0.35 per cent carbon, 
are flame-cut. Indeed, flame-cut edges of such steels are suitable for 
any uses where edges prepared by any of the mechanical methods of 
severing are employed, as, for example, planing, milling, shearing, 
friction sawing, or grinding. In an exhaustive investigation conducted 
by the A.S.M.E. Boiler Code Committee several years ago, the results 
obtained were so conclusive that all restrictions in the Boiler Code 
pertaining to welding on flame-cut surfaces were removed. One of the 
important advantages brought out was that, where plate edges are 
beveled by flame-cutting and later welded together, the heat of weld- 
ing anneals the base metal for an appreciable depth below the cut 
surface. This eliminates any change that may have been produced by 
the preceding flame-cutting in the crystalline grain structure of the 
steel. Higher carbon and alloy steels are apt to be affected detrimentally 
by flame-cutting, unless proper precautions are taken. When such steels 
are flame-cut at room temperature, a thin layer or zone of hardened 
material may be produced on the cut surfaces. This is sometimes 
quite brittle, or at least not sufficiently ductile to withstand the stresses 
set up in cooling or in subsequent use without cracking. By proper heat 
treatment, however, this brittle condition is readily overcome. 

Preheating and Post Annealing. — As the steel at the cut edge is 
heated by the flame, it tends to expand, but is restrained by the 
adjoining cold metal. The action called “upsetting” results. Then, 
when cooling occurs, the upset metal contracts and considerable stresses 
may be produced. In the case of higher carbon and alloy steels, the 
ductility near the cut edge may not be sufficient to prevent cracking. 
However, if certain of the higher carbon and alloy steels are preheated 
to a temperature of about 500 to 600 deg. F. before flame-cutting, 
the cracking will not take place. This is because the difference in 
expansion between the metal heated during cutting and the adjoining 
preheated metal is less, which in turn reduces the stresses set up 
during subsequent cooling. Also, the cooling rate of the steel at the 
cut edge is retarded and the formation of troostite and martensite pre* 
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vented. Preheating expense is partly compensated for by the increased 
cutting speed possible at elevated temperatures. Post annealing com- 
pletely restores the original pearlitic structure of the steel at the cut 
edges, wherever this may be desired, and removes any internal stresses 
set up in the metal. If carried out, it should be done immediately after 
flame-cutting. Annealing temperatures suitable to the type of steel 
in the piece, ordinarily in the neighborhood of 1250-1450 deg. F., 
are employed. Annealing time depends on the grade of steel, its 
thickness and shape. When preheating has been used before flame- 
cutting, the majority of steels do not require post annealing. 

Flame-Softening. — Localised, progressive heating and heat-treatment 
have also been found effective in preventing or correcting undesirable 
structure in the cut edge. This process has been termed “flame- 
softening.” It employs multiple oxyacetylene flames which are 
manipulated about the cutting zone to effect the desired heat-treatment, 
either simultaneously with the cutting operation or subsequent to it. 
Flame-softening can be applied to the top surface of the plate only, to 
both top and bottom surfaces simultaneously, or directly to the face 
of the cut, after the scrap has been removed or the kerf opened to admit 
the flame-softening apparatus. The most effective and economical 
method to employ in each case will depend upon the dimensions and 
composition of the metal to be treated, the service for which the part 
is intended, and other factors. 

Machine Flame-Cutting. — The substitution of mechanical for man- 
ual torch operation, wherever practicable, effects better workmanship 
and greater economy and accuracy. Flame-Cutting machines have been 
developed which are capable of making cuts with jig-saw flexibility 
and of extremely high quality and accuracy. These include manual 
or motor-driven, partly or almost fully automatic, portable or stationary 
types, of various capacities. Some are equipped with two, or as many 
as six cutting torches, centrally controlled and guided, and will flame- 
cut a like number of identical shapes simultaneously. Machine flame- 
cutting is even simpler than free hand flame-cutting. Once the cutting 
speed and gas pressures have been set, the operation is almost automatic. 
As the cut progresses, the operator watches the drag and the flow of 
slag or oxide to prevent pockets or other defects from developing. 
For oxyacetylene machine flame-cutting of mild steel, speeds and gas 
pressures given in Table I are suggested. This table represents fair 
average practice and includes gas consumptions. Skilled operators 
working under favorable conditions can do considerably better than 
the table indicates. 

Flame Machining. — This process utilizes the same fundamental 
principle of chemical reaction, but the relatively low velocity cutting 
oxygen stream is made to impinge on the work at a more or less acute 
angle; in some cases, almost tangentially. The cut is not permitted to 
penetrate through the work as in severing, but is restricted to removal 
of a predetermined depth and width of material from the surface by 
oxidation. Deseaming, or scarfing of billets, slabs and rounds in steel 
mills, is the principal application of flame machining at present. 
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Table I. — Machine Flame-Cutting Mild Steel — J4 to 12 inches** 


Thick- 
ness 
of Steel 
In. i 

Cutting 

Oxygen 

Pressure* 

Psi 

Cutting 

Speed 

In. per 
Minute 

| Gas Consumptions 

Per Hour 

| Per Linear Ft. 

Oxygen 

Cu.Ft. 

Acetylene 

Cu.Ft. 

Oxygen 

Cu.Ft. 

Acetylene 

Cu.Ft. 

K 

11-35 

20-28 

45-93 

8-11 

0.45-0 66 

0.08-0.08 

% 

20-55 

17-24 

105-125 

10-13 

1.04-1.24 

0.11-0.12 

H 

24-50 

15-22 

117-159 

12-15 

1.45-1 56 

0.14-0.16 

1 

28-55 

14-19 

130-174 

13-16 

1.83-1.86 

0.17-0.19 

IK 

55 

12-15 

240 

14-18 

3.20 

0.23-0.24 

2 

22—60 

10-14 

185-260 

16-20 

3.70-3.72 

0.29-0.32 

3 

33-50 

8-11 

240-332 

18-23 

6.00-6.04 

0.42-0.45 

4 

42-60 

6.5-9 

293-384 

21-26 

8.53-9.02 

0.58-0.65 

6 

45-65 

4. 5-6. 5 

400-490 

26-32 

15.10-17.78 

0.98-1.16 

12 

69-105 

2. 4-3. 5 

720-880 

42-52 

49.70-60.00 

2.97-3-50 


_ * Acetylene pressure is more a function of torch design than of thickness 
being cut. Therefore, it has been omitted. 

**Not preheated. 


Other Flame-Cutting Processes. — Several other types of controlled 
oxidation axe in use, which employ the free-burning reaction of oxygen 
with ferrous metals, raised to kindling temperature, to provide means 
of severing, shaping and working such materials. One such applica- 
tion, known generally as “oxygen lance cutting” utilises a relatively 
long section of small-diameter iron pipe. The end of the pipe is 
ignited and kept so by a stream of oxygen flowing through the pipe. 
This furnishes preheat as well as free oxygen for cutting, thus forming 
a lance-like cutting tool which is used primarily for emergency and 
heavy-duty cutting, such as opening up furnace tap holes and making 
starting holes for internal flame-cuts in pieces. 

ARC CUTTING 

The cutting of steel is a chemical action. The oxygen combines 
readily with the iron to form iron oxide. In cast iron this action is 
hindered by the presence of carbon in graphite form. Thus cast iron 
cannot be cut as readily as steel: higher temperatures are necessary and 
cutting is slower. In steel, the action starts at bright red heat, whereas 
in cast iron the temperature must be more nearly melting point in 
order to obtain a sufficient reaction. 

Due to its very high temperature, the electric arc is suggested for 
cutting cast iron. This method may be used also in cutting metals 
such as manganese steel and non-ferrous metals. The rate of cutting 
is usually fairly high. However, as the process is essentially one of 
melting without any great action tending to force the molten metal 
out of cut, some provision must be made for permitting the metal to 
flow readily away from the cut. This is usually done by starting at 
some point from which the molten metal may readily flow. This 
method is followed until the desired amount of metal has been melted 
away. 
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As an example, the general method is to apply the electric arc on 
under side of the work, starting at a lower corner, working toward the 
center on the lower surface, and then up the side, repeating this 
action as many times as necessary. This will allow the molten metal to 
flow out of the cut. 

Carbon electrode is generally used. Graphite electrodes are used 
to some extent because they permit use of higher currents. Shielded 
arc type electrodes are also effective. In starting a cut, the arc is held 
at the point selected for the initial cut as, for example, a lower comer. 
When the metal begins to flow and run off, the arc is moved along 
at a rate to permit the metal to continuously flow out of the cut. 

The width of the cut is dependent upon the ability of operator 
to follow a straight line, the size electrode used, and the thickness 
of material. The width of the cut is greater on thick sections than on 
thin. 

In the above discussion the ease with which steel may be cut has 
been noted. Other metals, which are difficult to cut by ordinary 
methods due to their reluctance to oxidize, may be cut readily and 
economically by the electric arc because of its high temperature and its 
comparatively low cost of heat production. 
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Choice of Electrodes 

Welding Procedures and Speeds 

Mild Steel with Type A Electrodes 
Sheet Metal with Type A Electrodes 
High Tensile Steel with Type A Electrodes 
Mild Steel with Type B Electrodes 
Mild Steel with Type C Electrodes 
High Tensile Steel with Type C Electrodes 
Estimating Costs of Welds Made Manually with Shielded Arc 
Manual Carbon Arc 

Automatic Welding with Shielded Carbon Arc 
Automatic Welding with Shielded Metallic Arc 
High Speed Welding 

Estimating Cost of Making Welds Automatically 
with Shielded Carbon Arc 
Manual Welding with Bare or Washed Electrodes 
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PART III 


PROCEDURES, SPEEDS AND COSTS 

The proper procedure to be followed for welding different types 
of joints varies according to the arc welding process employed, the 
position of the work, the material to be welded, and the physical require- 
ments of the weld. The speed of welding and weld costs are also 
influenced by the above factors. 

In general all welds may be placed in one of two classifications 
or both: 

(1) Welds produced principally by deposition of filler metal 
Welds which fall into this class are, V’d butt welds and 
fillet welds. (See Page 40.) 

(2) Welds produced principally by fusion of base metal. 

Typical examples of this class of welds include square butt 
welds, lap and edge welds. (See Page 40.) 

Welds which combine both classifications are those in joints 
scarfed to a depth materially less than the thickness of the base metal. 

In general the most economical method of making a weld will be 
an economic balance between: 

(a) Preparation (such as bevelling, scarfing, etc. See Page 
205). 

(b) Welding, (involving labor, materials and power). 

The size of electrode will generally be the largest that can be 
used for the type of joint under conditions outlined in first paragraph. 
The proper current will not be the maximum that can be used on the 
electrode but will be that value which produces the maximum rate of 
deposition consistent with the quality of weld desired. 

The most economical method of making the second (2) class of 
welds generally will be with that type of electrode which produces 
the best penetration into the base metal. The size of electrode will be 
the largest that can be used for satisfactory penetration and quality 
of joint. The current used generally will be considerably more than for 
the (1) type described above and will be as high as is consistent with 
the quality of weld desired. 

The data given in the following pages contain only typical appli- 
cations which are most commonly used in welding by manual process 
with the shielded arc, with bare or washed electrodes or with the auto- 
matic process (shielded carbon and metallic arcs) . 

PROCEDURE, SPEEDS AND COSTS FOR MANUAL 
WELDING WITH SHIELDED ARC 

The great variety of welding applications in which different types of 
welds are made in all positions, makes it practically impossible to give 
exact procedures for each application. However, the general procedures 
which follow will apply to most welding work. The typical applications 
given with outline of proper procedure are for general guidance. Any 
specific application should be studied carefully and the general procedure 
modified to obtain quality of weld desired. 
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THE SPEEDS given in these selected procedures or applications are re' 
suits of many actual tests and are, therefore, true average arc speeds. 
The speeds are for actual arc time only with no allowance for 
fatigue, cleaning, setting UP, etc., as these items vary greatly in 
different shops. These factors must be taken into account in obtaining 
the production speed. The data given are based on the use of a well' 
known shielded arc electrode. The data and procedure may, therefore, 
vary when other electrodes of the shielded arc type are used. 

It should be noted that the arc voltage given is the actual voltage 
across the arc while delivering the specified current. The currents des' 
ignated are those used to obtain the stated speeds. Any variation in cur' 
rent from those given will affect the welding speeds. Also the amount of 
electrode per foot will vary greatly depending upon fit'up and other con' 
ditions, and the figures given are intended as a guide only. 

Polarity of Welding Current.— The polarity of the welding ^current 
is sometimes spoken of as ‘"straight” or “reversed . In straight polar' 
ity, the electrode is negative and the work positive; in “reversed” polarity, 
the electrode is positive and the work negative. The terms “electrode 
negative” — “electrode positive” are more definite and will be used in this 
text. Electrode negative is used in welding with bare or lightly coated 
electrodes due to the fact that with such electrodes somewhat more heat 
is generated on the positive side of the circuit. However, the addition of 
a coating to the electrode forms gases in the arc and the presence of these 
gases may alter the heat conditions so that the opposite is true; namely, 
the greater heat is produced on the negative side. Nevertheless, the heat 
conditions are affected differently by different types of coatings. One type 
of heavy coating may provide the most desirable heat balance with elec' 
trode negative while another type of coating on the same electrode may 
provide a more desirable heat balance with electrode positive. 

Both are frequently used. The polarity to use with a particular elec' 
trode is established by the electrode designer. When doubt exists as to the 
correct polarity to use, the burn'off rate of the electrode will serve as a 
good guide. Each polarity is used to burn off 6" or 8" of electrode. The 
polarity which results in the longer burn'off time is generally the one 
which produces greater heat in the plate or joint. This is desirable in 
some cases while in others it is desirable to use the polarity which pro' 
duces less heat in the plate. 

The above refers only to welding with direct current. With alternat' 
ing current, since polarity changes very rapidly, the electrode must be 
suitable for use with either polarity. This does not mean, however, that a 
negative or positive polarity electrode will not be satisfactory with alter' 
nating current. As a matter of fact, a shielded arc electrode of high 
quality will provide satisfactory results on alternating current, even 
though it is designed for use with direct current. 

The elimination of craters at completion of bead or when electrodes 
are changed can be accomplished by withdrawing the electrode slowly 
at a right angle until arc is broken. To start a new electrode the arc 
should be struck just ahead of the end of bead and after a short interval 
moved backwards to completely remelt end of bead and fill up any crater 
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which might have occurred. Welding should then proceed forward as 
usual. 

Where weaving is specified, a motion similar to the diagram, Fig. 
191, should be used. There should be a hesitation in the motion for a 
short interval at the sides of the scarf. 

The advance of the arc should be at such a rate that all undercutting 
is filled up. The rate of advance can be determined by watching the 
solidifying metal; care should be taken not to advance the arc too 
rapidly. 

Arc blow may cause an uneven burning of the electrode coating which 
in turn will result in improper fusion and gouging. Where arc blow 
is present it can almost always be compensated for by shifting the ground 
connection to another part of the work. 

Weld should be allowed to cool between welding of succeeding beads. 
Better results are generally obtained if this is done. In the heavier plates 
and long seams the bead will usually cool sufficiently in the natural 
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Fig. 191. Diagram of weaving motion of electrode. 


course of procedure before the next bead is deposited. However, in short 
heavy sections the time for cooling allowed by uninterrupted procedure 
may not be sufficient. Allowance for proper cooling will facilitate 
removal of slag. 

Slag removal can be accomplished easily by scraping with corner 
of a chisel or file along the edges of the weld. A large amount of the slag 
will crack off as a result of this scraping. Slag removal may be completed 
by use of a wire brush. Other means of removing slag such as sandblast 
or air hammer, may be used. Slag should be completely removed from 
each bead before succeeding beads are deposited. 

Where paint is to be applied over the weld, slag should be removed 
preferably by grinding or sand blasting. Because most of the slags are 
basic, some of them containing free alkali, it is necessary to scrub the 
weld and adjacent plate area with water or to neutralise the weld area 
with weak acid solutions such as 10% HCL and then wash off the acid 
solution with water. Otherwise, unless alkali-resisting paint is applied, 
the paint will deteriorate through chemical action. 

When welding plates or shapes of unequal thickness, the arc should 
be directed in such a manner so that both pieces being welded are heated 
equally, the arc being generally directed against the heavier section. 

It is of great advantage to set up the work so that the molten pool 



144 


PROCEDURE HANDBOOK OF ARC WELDING 


of weld metal is horizontal. This will almost always result in an increased 
speed of welding. Often the use of fixtures designed to allow most or 
all of the welding to be done in a horizontal position is justified by the 
increase in weld production. (See Page 211.) 

For vertical or overhead welding, %6 /r anc ^ smaller electrodes are 
generally used. In some cases a slightly different type of electrode is 
used for welding in these positions. 

The selection of the direction of welding for vertical joints involves 
not only the direction of welding, but also the characteristic of the 
resultant bead and joint. Generally, it is easier to weld down. On certain 
joints it is quite difficult to weld up without use of a backing-up strip. 
For example, on a single-vee butt weld it is very difficult to put in the 
first bead when welding up. When a backing-up strip is used, or the 
weld is a fairly heavy fillet, or the type of joint has good heat capacity, 
welding up may be done fairly easily. Care must be taken to eliminate 
slag and incomplete fusion at side of bead and avoid undercutting. 

Welding down produces a concave bead, with practically no under- 
cutting, and fine grain structure due to multiple beads, with resulting 
greater cleaning time because of the greater number of beads. On the 
other hand, welding up produces a more abrupt change in contour at the 
toe of the bead. The bead is convex and fusion is more easily obtained 
at the heel of the bead. 

From the above it is obvious that to recommend only one direction of 
welding is impossible unless the type of joint, the type of electrode, and 
what is required in the completed joint, are known. 

There are certain results which should be considered before the 
direction of welding is selected. 

The principal in welding up is, in general, to allow sufficient time 
for the molten metal to solidify and to then deposit additional metal on 
the solidified metal. This is done by moving electrode up and away from 
molten pool without interrupting the arc and by keeping arc away from 
pool until the metal becomes solid or non-fluid. This requires a fraction 
of a second, following which the arc is returned to this non-fluid metal 
and another deposit made. 

General Technique for Welding Small Beads Up. — In general, for 
given size electrode the same current is used regardless of the direction 
of welding. Consequently for a given setup the final speed of welding 
is approximately the same for both directions. 

For welding small beads upward use recommended size electrode and 
current. Strike arc and build what may be termed a shelf the same size 
as the required weld. Just before metal begins to spill off, and not 
before, run electrode up quickly to without breaking the arc. 
As soon as metal on shelf solidifies bring electrode down and again 
deposit metal. While depositing metal, hold a relatively short arc so as 
to reduce tendency of undercutting. Also move the electrode from side 
to side to aid in obtaining proper fusion and size of bead. This cycle is 
repeated until weld is completed. When changing electrodes be careful 
to obtain proper fusion of metal into the shelf. 

General Technique for Welding Large Size Beads ( Above %"). — 
In welding large size beads — above 3 A /r — strike arc and build shelf by 
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weaving electrode full width of required bead, hesitating at side of bead 
until molten metal on opposite side solidifies. It may be necessary to 
traverse the arc up the scarf to allow time for metal previously deposited 
to become solid. As soon as metal is deposited on one side move electrode 
to other side of bead and deposit metal there until the previously deposited 
metal has become solid. Be careful to obtain good fusion and avoid 
undercutting. When changing electrodes, make sure of proper fusion 
into the shelf. 

Note: The method outlined under small beads may be used on fillet 
welds for practice in overcoming undercutting. Proceed as outlined 
and gradually reduce the travel of the electrode until there is no move- 
ment and bead is deposited in a straight run. 

For bead procedure in welding a particular joint, either up or down, 
refer to that type of bead in the following pages. 

In both vertical and overhead welding the electrode should be held 
at right angle to the work. To make sure of 100% penetration of a 
vertical weld, sometimes a small bead is deposited on the back of the 
welded joint after the front beads have been run. Before doing this it is 
advisable to run a diamond point down the back of the joint until weld 
metal is reached. This will insure 100% penetration and eliminate slag 
inclusions. 

For quick reference the charts on the following pages show the actual 
arc speed in lineal feet per hour and the pounds of electrode required, 
including stub ends (2") per lineal foot of weld for plain butt joints, 
single Vee butt joints, lap joints and tee joints welded with a shielded arc 
type electrode. 
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Fig. 192. Chart of welding speed and amounts of shielded arc type "A" (flat bead) 
electrode for square groove butt joints. 
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Fig. 193. Chart of welding speed and amounts of shielded arc type "A" (flat bead) 
electrode for welding single vee or single U-groove butt joints. 
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PLATE THICKNE55 

Fig. 194. Chart of welding speed and amounts of shielded arc typo 
electrode for fillet and lap Joints. 


"A" (flat boad) 


METHOD OF DETERMINING AMOUNT OF CURRENT 
CARRIED BY ELECTRODE 

Often the location of the welding is at considerable distance from 
the welding machine and in such cases it is impossible or inconvenient 
to check the arc amperage by reading the ammeter during inspection 
of the welding in progress. In such cases a quick and easy method 
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of determining the amount of current earned by the electrode is 
desirable. Also by such a method the accuracy of the meter on the 
welder may be checked, because due to possible rough handling of 
the welder the delicate mechanism of the meter may be thrown out 
of proper adjustment. A watch with second hand and a chart, see 
Fig. 195, which may be prepared by the following method, are the only 
tools needed. 



100 200 300 400 500 600 700 &00 
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Fig. 195. A typical chart as used in the determination of current carried by an electrode. 

Considering a popular type of shielded arc electrode it has been 
found that for a given size electrode the burn-off rate is approximately 
proportional to the current. The effect of voltage may be neglected, 
because under usual conditions it is negligible. The melting or 
^bum-off” is the same for a given size of electrode and current re- 
gardless of position. 

By securing from the manufacturer of the electrode the recomr 
mended current value, also the maximum and minimum current values 
for this electrode, and then by actual test determining the number 
of seconds required to burn off 12 inches of this electrode at minimum 
current value, recommended current value and maximum current 
value, the time may be plotted against the amperes on a chart similar 
to the chart, Fig. 195. The complete curve for any given size of 
electrode may then be secured by determining the time required to 
burn off 12 inches of electrode at several intermediate amperage values. 
The results then plotted on the chart will furnish sufficient points from 
which to secure a complete curve as shown. Curves for all the various 
sizes of electrodes may be plotted by this method. The chart is then 
ready for use. 

How to Use the Chart. — 1. Clock the time required to burn off 
12 inches of the electrode in question. 2. From this time point on the 
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time scale of the chart, project a horizontal line to the curve repre- 
senting the size electrode used. 3. From the point of intersection of 
the horizontal line with the curve, project a vertical line to the 
amperage scale. 4. The point of intersection of this vertical line with 
the amperage scale indicates the amount of current being carried by 
the electrode in question. 

CHOICE OF ELECTRODES 

It is recommended that the reader familiarize himself with the 
American Welding Society filler metal specifications. See Page 366. 

The selection of an electrode most suitable for a particular purpose 
or requirement and its proper application thereto, results in low cost 
fabrication and efficient performance. 

To make most efficient selection, it is necessary to know — 

Physical properties required, etc. 

Type of joint (see Page 40). 

Position in which the weld is to be made, i.e., flat, vertical or 
overhead. 

Condition of work fit-up, etc. 

Electrodes may be classified in various ways. For example: 

1. Mechanical characteristics such as tensile strength, ductility, etc. 

2. Method of use, such as position in which they are to be used, 
i.e., flat, vertical, overhead, horizontal. 

3. Type of the joint, such as fillet, deep groove, etc. 

4. Shape of the bead, such as flat, convex, or concave. 

The shape of the bead is a common method of classification, since the 
service or operating requirements determine the shape of the joint of 
which the bead is a part. 

For convenience in this discussion, we will designate these classes 
as follows: (1) flat bead, Type A; (2) convex bead, Type B; (3) con- 
cave bead, Type C. 

The weld metal deposited has certain common characteristics. The 
endurance limit is high, running in the neighborhood of half the tensile 
strength. The specific gravity runs generally from 7.84 to 7.86. The 
impact strength is also high, averaging 30 to 80 foot pounds Izod. 

Type A, Hat Bead — This type may be classified as a general purpose 
electrode as it is used for a wide variety of work and possesses high aver- 
age mechanical characteristics. It has a heavy coating. It is best suited 
for direct current with electrode positive. In sizes, % 2 " and smaller, 
it is suitable for use in all positions. A %$" size is also made special 
for all-position welding. It is suitable for fillets, deep grooves, and all 
types of joints in all positions. It has deep penetration qualities and is 
used very satisfactorily on square-groove butt joints where the electrodes 
actually scarf or melt the plates . It produces a rather flat bead of the 
general type as shown in Figure 196. 



9 



Fig. 196-A. Wolds produced with Type A Electrode. (1) Downhand weld in square 
groors butt Joint in l A in. plate. (2) Three position weld in 6-in. pipe with V-groove Joint 
(3) Vertical fillet weld in 3/e-in. Plate showing three passes. 
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Of the same general characteristics are several electrodes for welding 
the low alloy, high-tensile steels. 

In this group are the following electrodes as designated by the 
American Welding Society in their Filler Metal Specifications. 


A.W.S. 

Classi- 

fication 

No. 

For 

Positions* 

General Description 

Treatment 
of welded 
specimenf 

W 

All Weld 
Tension (b) 

Lbs. 

p.s.i. 

% El. 
in 2 W 

E6010 

F,V,OH,H 

Heavy covering useful 






with D.C. electrode 

SR\ 

60,000 

21 



positive only. 

NSRJ 

65,000 

22 

E7010 

V,F,OH,H 

Heavy covering, useful 

SR\ 

70,000 

22 



with D.C. electrode 

NSRJ 

75,000 

17 



positive only. 





*F=flat; V=vertical; OH=overhead; H== horizontal. 
fSR=stress relieved; NSR=not stress relieved. 


In this same group is an electrode in a higher range, giving 90,000 
to 105,000 lbs. per sq. in. ultimate tensile strength and elongation of 
12% to 22% in two inches. 

Type B, Convex Bead — This class of electrode has a heavy coat' 
ing, is used with direct current with the electrode negative, or it may 
be used with alternating current. Sizes of %%" and smaller are suitable 
for all positions, and in larger sizes for welding in flat positions. It may 
be used for fillet welding, single or multiple pass, and can be used for 
butt welds of the V-groove or U -groove type. Due to its deposition 
characteristics and ability to build up, it is used to fill gaps in cases 
of poor fit-up. The penetration is somewhat less than with the Type A 
electrode (flat bead) and the spatter is somewhat less. It possesses a 
somewhat higher ultimate tensile strength and a slightly less ductility. 
Because it does not penetrate deeply, it is used in cases where an in-wash 
of a base metal is not desirable or required. It produces a somewhat 
convex bead as indicated in Fig. 197. 



Fig. 197. Convex bead produced by a type B electrode. 
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This type of electrode is designated in the American Welding Society 
Filler Metal Specifications as follows: 


Fig. 197-A. Wold* produced with Type B Electrode. (1) Lap weld in 3/16-in. plate. 
1) Fillet weld In 3/16-in. plate with 1/16-in. gap (poor fit-up). (3) Comer weld m /fc-in. 
late. 


A.W.S. 

Gassi- 

fication 

No. 

For 

Positions 

General Description 

E6012 

F,V,OH,H 

Heavy covering usually 
used with electrode 
negative D.C., or on 

A.C 


Treatment 
of welded 
specimen 

oo 


All Weld 
Tension 00 


Lbs. 

% El. 

p.s.i. 

in 2 r 

60,000 

22 

65,000 

17 
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Type C, Concave Bead — This type of electrode has a heavy coating 
and can be used with direct current with either positive or negative 
polarity and can also be used with alternating current. It is used in 
the flat position only and is not suitable for vertical or overhead work 
although under special conditions as to setup, such as 30° from vertical, 
it may be used for fillet, welding downward. This type is used for fillets 
or butt joints of the V-groove or U-groove types. It flows very readily 
with a heavy slag covering the weld. It is sometimes known as the “hot 
rod" type. It produces a very smooth bead, slightly concave, and in some 
cases very concave. See Fig. 198. 



Fig. 198. Concave bead produced by type C electrode. 


In this general group are several different types, one usually used for 
fillets in the flat or horizontal position, another for U-groove work. 

It is also made in this type for the high-tensile low-alloy types of 
steel. 

In this same group is another electrode known as a finish-pass or 
last-pass electrode, which is used to provide an exceptionally smooth last 
bead on a multiple pass U-groove joint. See Fig. 199. 


FIM1SH 


BEAD) 



Fig. 199. Finish-pass bead produced by a type C electrode. 
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position. 
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Designations for these various types as given in the Filler Metal 
Specifications, The American Welding Society are as follows: 


A.W.S. 

Classi- 

fication 

No. 

For 

Positions 


Treatment 
of welded 
specimen 

(a) 

All Weld 
Tension (b) 

General Description 

Lbs. 

p.s.i. 

% El- 

in 1 " 

E6020 

H-Fillets, F. 

Heavy covering usually 
used with electrode neg- 
ative or A.C. for fillets 
and electrode positive 
or A.C. for flat welding 

SR 

NSR 


60,000 

65,000 

30 

25 

E6030 

F 

Heavy covering usually 
used with electrode 
positive on D.C., or 
with A.C. 

SRI 

NSRj 


60,000 

65,000 

30 

25 

E7030 

F 

Heavy covering usually 
used with electrode 
positive D.C., or with 
A.C. 

sr! 

NSRj 

► 

. 

70,000 

75,000 

25 

20 


In addition to types given above, there is still another type with a 
heavy coating which is generally used with alternating current. This type, 
while generally used with A.C., also works well with D.C. American 
Welding Society Filler Metal Specifications designate this as: 


- 

A.W.S. 

Classi- 

fication 

No, 

For 

Positions 

General Description 

Treatment 
of welded 
specimen 
(a) 

All Weld 
Tension (b) 

Lbs. 

p.s.i. 

% El. 

in 2' 

E6013 

F,V,OH,H 

Heavy covering usually 
used on A.C. 

SRI 

NSRJ 

► 

60,000 

65,000 

22 

17 


PROCEDURES FOR TYPE A ELECTRODES (FLAT BEAD) 

Type A Electrode for Mild Steel 

The following procedures, Pages 154 to 179, inclusive, are for a well- 
known Type A electrode of flat-bead characteristics (E6010). 

V’d Butt Welds, Flat Position. — The requirements of weld are 
100% penetration, 100% strength. They are made with no backing 
and are welded from one side only, see Figs. 200-202. 







♦Weave this bead. 

fNote; Speeds are for actual arc time only and do not take into account other 
factors. See Page 142, 
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V’d Butt Welds with Backing, Flat Position. —The requirements 
of type of weld, illustrated in Figs. 203 and 204 are 100% strength and 
100% penetration. They are welded from one side into a steel backing 
strip or chill band. 




Joint 

Beads 

or 

Passes 

Elec- 

trode 

Size 

Current 

Amps. 

Min. 

Arc 

Volts 

Arc 

Speed, 

Ft. 

of Bead 
Per Hr. 

fArc 

Speed, 

Ft. 

of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 203 

1 

w 

325 

34 

75 


.172 

A" pl** 

2 

H" 

425 

38 

60 

33-5 

.325 








.497 

Fig. 204 

1 

W 

325 

34 

65 


.198 

5/$ plate 

2 

H’ 

425 

38 

45 

27.5 

.44 








.638 


fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


Plain Butt Welds, Flat Position. — This type of weld is divided 
into two classes — one class where it is possible to weld from only one side 
or where only 50% penetration is necessary; the second class where 
it is possible to weld from both sides and where 100% penetration is 
desirable or necessary. The metal structure in this type of weld varies 
with the analysis of the material welded. 



fi*. 205. n*. tie. 
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Joint 

Beads 

or 

Passes 

Elec- 

trode 

Size 

Current 

Amps. 

Min. 

Arc 

Volts 

Arc 

1 Speed, 
Ft. 

of Bead 
Per Hr. 

fArc 

Speed, 

Ft. 

of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 205 
W plate 

1 

X" 

190 

30 

90 

90 

.078 

Fig. 206 
plate 

2 

x w 

190 

30 

94 

47 

.16 

Fig. 205 
yi" plate 

1 

He’ 

300 

34 

90 

90 

.133 

Fig. 206 
plate 

2 

He" 

300 

34 

90 

45 

.27 

Fig. 205 
plate 

1 

He" 

425 

38 

75 

75 

.226 

Fig. 206 
plate 

2 

He’ 

425 

38 

75 

37# 

.45 

Fig. 205 
plate 

1 

H* 

500 

40 

50 

50 

.46 

Fig. 206 
W plate 

2 

H" 

500 

40 

50 

25 

.92 


fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


Butt Welds in Heavy Plate, Flat Position. — In making various 
types of butt welds in heavy plate the following examples and procedures 
are typical and should serve as a general guide for welding in heavy 
plate of various thicknesses. 

The work should be fit up as shown, the beads made in the position 
and in the order indicated. 

In case of joints scarfed on both sides, first bead (1) should penetrate 
to the bottom edge of the plates. After turning over the work the first 
bead (1) should be peened with a blunt tool and thoroughly brushed. If 
the plates were not spaced properly the first weld may not show through 
from the other side of plates, in which case a diamond point chisel should 
be used until the weld metal is reached. Care should be taken not to chip 
too deeply or make a sharp Vee as incomplete fusion will result when 
welding second bead (la). On completion of the second bead (la) it 
should be peened thoroughly, especially along the edges and then well 
brushed. The work is then turned over and welding proceeds in the 
order indicated. Where it is impractical to turn the work after welding 
each bead, the welds should be made on one side in order indicated and 
then the work turned and the welding done as shown for the other side. 





Joint 

Beads 

or 

Passes 

Elec- 

trode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Ft. 

of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 


1 

w 

130 

25 




2 

X" 

275 

30 



Fig. 207 

3 

X" 

275 

30 



plate 

4 

X" 

275 

30 



I 

5 

w 

325 

34 




6 

X" 

275 

30 

6 

1.90 

■ 

1 

w 

130 

25 




2 

X’ 

275 

30 




3 

X” 

275 

30 



Fig. 208 

4 

X" 

275 

30 



1* Plate 

5 

X’ 

275 

30 


: 


6 

X" 

275 

30 




7 


325 

34 




8 

X " 

275 

30 

3.6 

2.4 


fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 




fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 



Fig. 2X0. 
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For 3 -inch butt welds the plates should be scarfed and set up as shown 
in Fig. 211. Twelve beads should be welded on each side — a total of 
24 beads in the 3'inch weld. For passes, 9'9a to 12-12a inclusive, 
electrodes should be used with 325 ampere current and arc voltage of 34. 
The actual welding speed should be 1 ft. per hr.; pounds of electrode 
per foot of weld, 7.2. 


Joint 

Beads 

or 

Passes 

Elec- 

trode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 
Speed, 
Ft. ; 
of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 


1 

w 

130 

25 




la 

X' 

275 

30 




2 

X’ 

275 

30 



Fig. 210 

2a 

X" 

275 

30 



r plate 

3 

X' 

275 

30 



3a 

X' 

275 

30 




4 

w 

325 

34 




4a 

w 

325 

34 

3 8 

2.28 


1 

w 

130 

25 




la 

X’ 

275 

30 




2 

X' 

275 

30 




2a 

X' 

275 

30 




3 

X' 

275 

30 



Similar to 

3a 

X" 

275 

30 



Fig. 211 

4 

X' 

275 

30 



* Plate 

4a 

X" 

275 

30 




5 

X' 

275 

30 




5a 

X' 

275 

30 




6 

X" 

275 

30 




6a 

w 

325 

34 

2.8 

3.3 


1 

w 

130 

25 




la 

X' 

275 

30 




2 

X' 

275 

30 




2a 

X" 

275 

30 




3 

X' 

275 

30 




3a 

X" 

275 

30 




| 4 

X' 

275 

30 



Fig. 211 

4a 

X' 

275 

30 



V plate 

5 

X' 

275 

30 



5a 

X' 

275 

30 




6 

X' 

275 

30 




6a 

X" 

275 

30 




7 

X' 

275 

30 




7a 

X' 

275 

30 




8 

w 

325 

34 




8a 

w 

325 

34 

1.80 

4.35 


fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 
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a\ 



rig. in. 


There is still a further type of butt joint which may be desirable and 
which may lend itself readily to certain applications; note the following 
sketches, Figs. 212, 213 and 214. Approximately full penetration is 
obtained in this type of joint. 



mm. 

/// 

** — / — 

5 1 



5 i. i 

as 

y i \ 


** 16 


ng. IIS. 
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joint 

Beads 

or 

Passes 

Elec- 

trode 

Size 

Current 

Amps. 

Min. 

Arc 

Volts 

Arc 

Speed, 

Ft. 

of Bead 
Per Hr. 

fArc 

Speed, 

Ft. 

of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 


1 

H’ 

500 

40 

50 



Fig 212 

la 

H" 

500 

40 

50 



%" plate 

2* 

H' 

500 

40 

25 




2a* 

Vs" 

500 

40 

25 

8 3 

2.80 


1 

W 

500 

40 

50 



Fig. 213 

la 

H’ 

500 

40 

50 



plate 

2* 

H" 

500 

40 

25 




3 

H" 

500 

40 

25 

8.3 

2.80 


♦Weave this bead. 

fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 



Joint 

Beads 

or 

Passes 

Elec- 

trode 

Size 

Current 

Amps. 

Min. 

Arc 

Volts 

Arc 

Speed, 

Ft. 

of Bead 
Per Hr. 

fArc 

Speed, 

Ft. 

of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 


1 

H’ 

500 

40 

50 




la 

H' 

500 

40 

50 



Fig. 214 

2* 

H“ 

500 

40 

25 



1 * plate 

2a* 


500 

40 

25 




3* 

H" 

500 

40 

25 




3a* 

H" 

500 

40 

25 

5.0 

4.60 


♦Weave this bead. 

fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 




Beads 

Electrode 

Current 


fArc 

Lbs. of 

Joint 

Min. Arc 

Speed, 

Electrode 

or 

Passes 

Size 

Amps. 

_ I 

Volts 

Ft. of Joint 

Per Foot 




Per Hr. 

of Weld 


1-la 

w 

130 

25 




2-2a 

w 

275 

30 



Fig. 215 

3-3a 

w 

325 

34 



1" plate 

4-4a | 

Vi’ 





5-5a \ 

190 

30 

2.42 

3.22 


6-6a J 







1-la 

w 

130 

25 



Fig, 216 

2 to 4a ) 
inclusive / 

Vi’ 

275 

30 



IK' 

5-5* 

w 

325 

34 



plate 

6 to 11a 1 
inclusive / 

Vi’ 

190 

30 

1.00 

7.04 


fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 






Joint 

Beads 

Electrode 

Current 

Min. Arc 

fArc 

Speed, 

Lbs. of 
Electrode 

or 

Passes 


Size 

Amps. 

Volts 

Ft. of Joint 

Per Foot 





Per Hr. 

of Weld 


1-la 

96' 

130 

25 



Pig. 217 

2 to 6a i 
inclusive j 


X" 

275 

30 



2" plate 

7-7a 

96' 

325 

34 




8 to 13a i 
inclusive j 

f 

X' 

190 

30 

0.83 

9.51 


1-la 1 

96' 

130 

25 



Fig. 218 
y plate 

2 to 9a 1 
inclusive j 

[ 

X' 

275 

30 



' 10-10a 

96' 

325 

34 




11 to 16a ] 
inclusive J 

\ 

X' 

190 

30 

0.64 

12.05 


f Note: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 






fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 
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Welding Up. 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

|Arc 

Speed, 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 223 
Jie plate 

1 

H" 

no 

25 

20 

.15 

Fig. 224 
yi opiate 

1 

y&" 

no 

25 

15 

24 

Fig. 225 

1 

Hi” 

130 

25 

9.75 


yi" plate 

2 

Hi" 

130 

25 


.44 

Fig. 226 

1 

Hi” 

130 

25 

5.25 


Opiate 

2 

Hi 

130 

25 


.72 


fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


Butt Welds, Overhead Position. — In general the same prepara- 
tion, fit up and currents used in vertical welding apply to overhead weld- 
ing with the exception the weld is generally made with a number of 
straight beads. However, weaving is sometimes accomplished by running 
small overlapping beads back and forth across the weld, the idea being 
to always keep the molten pool as small as possible. Extreme care must 
be taken to thoroughly clean all slag from bead before another is applied. 
If the mass of metal being welded is small so that it heats up considerably 





Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 227 
plate 

1 

2 

X' 

w 

110 

150 

25 

25 

14 

.33 

Fig. 228 
^4 "plate 


x' 

w 

w 

110 

150 

150 

25 

25 

25 

9 

.45 


*A* plate 
Similar to 
Fig. 228 

1 

2 

3 

4 

x r 

w 

w 

w 

110 

130 

150 

150 

25 

25 

25 

25 

6 

.70 

Fig. 229 

1 


mm 

25 



yi* plate 

2-3 

W 

H 

25 




4 to 7 

w 

K m 

25 

4 

1.15 


fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 
















168 


PROCEDURE HANDBOOK OF ARC WELDING 


Horizontal Welds, — Horizontal welds may be classified as Tee, 
Lap and Butt welds. The Tee weld is the same as a fillet weld (see 
Page 170 and following) . The horizontal lap weld when the bead is made 
downward is essentially the same as a fillet weld, care being taken that 
metal at edge of lower plate is not allowed to run down. When the lap 
is made so electrode points upward, then the procedure is similar to lap 
and fillet overhead welds. (See Page 176.) 

However, the butt weld is different. It falls in two classes as other 
welds, those not scarfed and those scarfed. When the plates are not 
scarfed, the maximum thickness for 100% fusion welding from both 
sides is about % 6 ". 

A weaving motion of electrode, somewhat like a flattened circle with 
the loop toward top, is used so the bead has a good appearance and 
minimum tendency to flow low. A V§ f \ % 2 " 01 %6 /, electrode is used. 
This type of joint is rather infrequently used. 

When the joint is scarfed, the procedure is something of a combina- 
tion of vertical and fillet welding. 

Two general types of scarfing may be used. One type has a 20° shelf 
or lower angle and 45° upper angle as shown in Figs. 230, 231, 232, 
and 233. This type of scarfing necessitates machining the plates somewhat 
differently and care is required in matching the plates in assembly. The 
following tabulation shows welding procedures and speeds for this type. 
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Type 

Joint 

2b°-45° 

Bevel 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

! 

Min. Arc 1 
Volts 

! fArc 

1 Speed, 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 230 

HY plate 

2 

w 

130 

25 

24 

.16 

Fig. 231 
yi“ plate 

2 


| 130 

25 ! 

17.5 

.23 

Fig. 232 
plate 

i 

3 


: 

! 

130 

i 

! 25 

10.5 

.38 

Fig. 233 
yi" plate 

8 

: 


130 

25 

4.4 

.86 


f Note: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


The second type of scarfing is the usual 60° angle with two 30° angles 
as shown in Figs. 234 to 237. Although somewhat more difficult to 
weld than the 20° — 45° scarfed joint, it is more frequently used due to 
greater simplicity of preparation for welding. Welding procedures and 
speeds for joints having 60° scarfing are given in the following table. 

With either type of scarfing, welding is made easier by using a 
backing'up strip. In this case, the plates are spaced slightly farther 
apart than indicated in the sketches. 


Type and 
Size of 
Joint i 
(60° Bevel) , 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Ft- of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 234 
% '"plate 

2 

w 

130 

25 

25 

.15 

Fig. 235 
% '' plate 

2 


130 

25 

18 

.22 

Fig. 236 
tyi" plate 

3 

w 

130 

25 

11 

.37 

Fig. 237* 
yi’’ plate 

8 


130 

25 

4.6 

.83 


♦Note: Sequence of 2 and 3. Sequence of 4 and 5 may be reversed. Fig- 
237 as shown is recommended as being easier to tie-in overhead (2) than washdn. 

O). 

tNote: Speeds are actual welding time only and do not take into account other 
factors. See Page 142. 
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Fig. 234. Fig. 235. Fig. 236. Fig. 237. 


Fillet Welds, Flat Position. — When making fillet welds in flat 
position the electrode should be held in the position indicated by the 
diagram, Fig. 238. 



Fig. 238. Position of olectrodo for making fillet welds in flat position. 


The angle formed by the electrode and horizontal plate should be 
approximately 30°; the electrode should also lean towards the direc' 
tion of welding to form a 60° angle with the vertical plate. The path 
of the electrode should be in a straight line. The arc should be a 
trifle shorter than when making butt welds. It should be directed into 
the corner when both plates are of equal thickness. When this is 
not the case the arc should be directed slightly more on the plate 
of greater thickness so that both plates are heated to approximately 
the same temperature. 





Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

i 

Min. Arc 
Volts 

fArc 

Speed, 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

plate 

1 


190 

30 

45 

.155 

A" plate 

1 

A" 

190 

30 

35 

.20 

plate 

1 

A" 

190 

30 

20 

.37 

Fig. 239 
plate 

3 

A" 

i 

190 

30 

10 

.70 

Fig. 240 
Y opiate 

6 

A” 

190 

30 

4 

1.83 

Fig, 241 

1* plate 

10 

A’ 

190 

30 

2.23 

3.25 


fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 
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Fillet Welds, Flat Position, Tilted. — When the work can be tilted, 
as shown in Fig. 242, so the molten pool of weld metal is horizontal, 
greatly increased welding speed can be obtained. For example, com.' 
pare speed given in table below with speed of fillet welding horizontal 
joint of i/jjdnch plates. 




Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 242 
Opiate 

1 

H' 

350 


26 

.63 


1 

H w 

350 

36 



plate 

2* 

w 

500 

40 

13K 

1 46 


1 

H" 

350 

36 



Fig. 243 

2* 

H" 

500 

40 



1" plate 

3* 

H" 

500 

40 




4* 

H" 

500 

40 

8 

2.60 


* Weave this bead. 

fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


Lap Welds. — There is little difference between lap welds and 
fillet welds with the exception of a closed joggled lap joint which 
requires a type of butt weld. For lap welds the work should be fitted 
up so that there is no appreciable gap between the plates to be welded. 
The electrode should be held as illustrated in Fig. 244. The arc should 
be played on the top corner of the upper plate and moved in a straight 
line. 
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Lap Welds, Flat Position. — Typical procedure and speeds are 
tabulated below for lap welds made when plates are in horizontal 
position. 


OIREfTiSn-. 



<4 OF TRAVEL 

1 i 

i 

! 

f 


V 



Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

plate 

1 

w 

250* 

30 

100 

.097 

%! r plate 

1 

w 

275 

30 

90 

.120 

%* plate 

1 



n 


.138 

56' plate 

1 

■ 


M 


.19 

H* plate 

1 

vs 

250* 

30 

40 

.237 


*Note: An increase of current would cause difficulty due to tendency to burn 
through on J4" and to undercut top plate on Ya" & thicker, tyie" will permit 
increase current. 


fNote: Speeds are actual welding time only and do not take into account other 
factors. See Page 142. 


Lap Welds, Flat Position, Tilted. — When the work can be tilted 
so the molten pool of weld metal will be approximately horizontal, 
much higher welding speed can be obtained. Tilting of the plates 
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about 5 degrees will usually be sufficient to speed up the welding ap- 
preciably. Care should be taken however to avoid undercutting in 
the bottom plate. 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

plate 

1 

w 

375 

34 

125 

12 

plate 

1 

w 

375 

34 ! 

95 

.160 

plate 

1 

H" 

425 

38 

70 

.280 


f Note: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


High Speed Lap Welds. — Lap welds are often made where water 
pressure tightness is not required. This type of weld may be limited 
in its application by appearance and quality and it may be porous 
with a joint efficiency of around 50%. Work must be fitted up with- 
out any appreciable gap. Short welds should be avoided. 

Due to the higher currents used there may be a slight tendency 
towards increased warping. However, in most cases, this will be of 
little consequence. 

A shorter arc should be used than for flat-position welds and due 
to the higher current, arc should not be held stationary at any point. 


1 

Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

tArc 1 

Speed, 

Ft. of Joint | 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

56' plate 

1 

X' 

500 

30 

200 

.097 

plate 

1 

w 

525 

32 

160 

,130 

56" P Iatc 

1 


550 

36 

140 

.160 

$ 4 * plate 

1 

w 

550 

36 

100 

.25 


f Note: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 
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Lap and Fillet Welds, Vertical Position. — Vertical welding pro' 
cedures, Page 145, apply for vertical lap and fillet welds. On plates 
up to Y&" the necessary beads can be woven one on top another as 
shown in Fig. 245. On plates l / 2 " and heavier it is recommended 
to place beads as shown in Fig. 246. 



Fig. 245. 


Fig. 246. 


Welding Down. 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

i 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

W pl«c 

1 

w 

150 

25 

35 

.12 

%' r plate 

2 

w 

150 

25 

19 

.25 

Fig. 245 
plate 

3 


150 

25 

12 

,40 

Fig. 246 
y * Opiate 

5 

w 

150 

25 

6.5 

,72 

yi* plate 

9 

w 

150 

25 

3.25 

1.5 

l r plate 

14 

w 

150 

25 

1.7 

2,75 


f Note: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 
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Lap and Fillet Welds, Vertical Position. — 
Welding Up. 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

1 Current 
Amps. 

Min, Arc 
Volts 

* fArc 

Speedy 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

He* plate 

1 

y 

110 

25 

18 

.16 

X' plate 

1 

w 

130 

25 

18 

.23 

W plate 

1 

w 

130 

25 

9.5 

.42 

K* plate 

2 

w 

130 

25 

5 

.72 


2 

%'V 

150 

25 

6.5 

72 

plate 

3 


150 

25 

3.25 

1.45 

l r plate 

4 

%"V 

150 

25 

1.7 

2.60 


fNote: Speeds are for actual arc time only and do not take into account 
operating factor. See Page 142. 


Lap and Fillet Welds, Overhead Position. — 






wmmmm 


EES 


mEE&M 

1 — w 


Fig. 247. 


Fig. 248. 


\ 

L 


L 


5hi_ W 


T 


Fig. 249. 



Beads 




fArc 

Lbs. of 

Joint 

Electrode 

Current 

Min. Arc 

Speed, 

Electrode 

or 

Passes 

Size 

Amps. 

Volts 

Ft. of Joint 
Per Hr. 

Pet Foot 
of Weld 

Fig. 247 
X/plitc 

1 

■ 

w 

150 

25 

35 

.120 

Fig. 248 
X plate 

1 

w 

150 

25 


.26 

2 

y 

110 

25 

15 

Fie. 249 

1-2-3 

w 

mm 


9 X 


r plate 

4 

y 



.53 

plate 
Similar to 

1 to 5 

mm 

150 

25 

<SX i 

.75 

Fig. 249 


mm 






fNote; Speeds are for actual arc time only and do not take into account other 
factors- See Page 142. 
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Edge Welds, Flat Position. — Edges should be fitted up dose. The 
electrode to be held perpendicular and drawn along seam with arc 
only long enough to obtain a smooth rounded bead. 



2 


Tig. 250. 


Joint 

: 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

X" 

1 

X" 

170 

30 

165 

.030 

He" 

1 

X" 

225 

30 

140 

.062 

X' 

1 

He" 

325 

34 

135 

.097 


fNotc: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


Plug Welds. — These are a special type of fillet welds made by 
fusing the metal of one plate to the side of a hole (generally round) 
in another plate, the plates being held closely together. Or there 
may be holes in both plates, and the sides of these holes fused 
together. 

Specific types of plug welds are as follows: 

(1) Round hole in one plate only. Here the diameter of the hole 
is from V/z to 3 times the plate thickness, the larger value being used 
on the thinner plates. See Fig. 251. 



Fig. 251. 


(2) Scarfed hole in one plate only. The scarfing corresponds to 
a backed'Up butt joint with more than usual root opening as shown 
in Fig. 252. 


SSSSSS 

Fig. 252. 
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(3) Round holes in both plates, as shown in Fig. 253. 


Fig. 253. 


(4) Scarfed holes in both plates, as shown in Fig. 254. 




Fig . 254. 


Plug welds are used to advantage primarily in cases where access 
to the work is from one side only, (such as flooring, in cover plates 
for girders, additions to existing structures, or to provide additional 
strength or stiffness in cases where there is not sufficient space or 
accessibility available to use the usual fillet welds. An example of 
the latter case is a lap joint welded from one side only as shown 
in Fig. 255. 




Fig. 255. 


It is to be noted that plug welds cause practically no distortion 
and are therefore particularly useful in cases of plate fabrication, where 
distortion is encountered. 

The procedure for plug welds is unique inasmuch as the direction 
of welding changes constantly. The corner must be completely fused. 
For any given instant the electrode position is standard, the usual 
30 o -60° slope. The electrode must be kept in proper position at all 
times, with speed of travel high enough to control the slag. 

Use shielded arc electrodes at high currents. Bare electrodes are 
not satisfactory. 

When both plates have holes, metal fillers are often used as shown 
in Fig. 256. Complete fusion must be attained, so the effect is the 
same as if all weld metal were deposited. The filler is an aid to 
speed, and ease of welding. 



Fig. 256 
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r^i 

V7, A/rq 

p-D— ^ 

row(\^ . 

T>life3xt 



Fig. 257. 


The following table will be of assistance in determining the size 
of plug welds to be used for various requirements. 


Plug Welds (See Fig. 257) 


Plate 

Thickness 

CO 

Dia. (D) 
Hole 
Inches 

Depth (d) 
of Plug 

Lbs. of 
Electrode 
per Plug 

CO 

Time per 
Plug- 
Seconds 

Ct) 

Design Load 
(lbs. sq. in) 

(tf) 

X 

X 

A 

.06 

33 

6,000 

H 

1 

H 

.14 

76 

10,700 

A 

iH 

% 

.23 

125 

13,500 

H 

iH 

A 

.29 

160 

16,700 

X 

l H 

% 

.46 

250 

20,200 

1 

iK 

% 

.53 

290 

24,000 


•Based on electrode — includes stub ends. 

fBased on electrode at 225 amps, (approx.). 

No set-up fatigue, etc. 

f fBased on shear strength of 13,600 lbs./sq. in. on area of plug hole. 

Note that the Design Load values given above are for one plug weld. Care must be taken that 
in combination with other plug welds or with other types of joints, they are fairly well spaced — 
and that the load distribution of the combination is taken into account. 


TYPE A ELECTRODE WELDING OF SHEET METAL 

Sheet metal, that is, metal of thicknesses up to approximately 8 
ga., is used in a great many applications, such as duct lines of all 
kinds, for heating, ventilating and air conditioning, and for making 
package conveyors, hoppers, bins, door and window casings, kitchen 
equipment, parts of busses, fenders, fan housings, furnace casings, 
metal furniture, pans, trucks, etc. 

As in other fields of manufacture, various factors determine the 
methods to be used in joining sheet metal together. The requirements 
are usually tightness, strength and appearance. Provided these con- 
ditions are satisfied to the required degree, then cost is the determining 
factor in selection of the method to use. 

There are in general two types of joints used in joining sheet 
metal. These are; mechanical joints and welded joints. Mechanical 
joints may be divided into two classes: those soldered or those held 
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by some clamping device such as rivets; or mechanically locked joints. 
The riveted joint is a fairly strong one, and can be made tight, but 
under load conditions, as when subjected to corrosion, expansion, 
contraction and bending, the joint may easily develop leaks. The 
mechanically locked joint is an excellent one and is used to con* 
siderable extent. This type joint, if correctly made, is leakproof. 
However, this quality may be destroyed by operating conditions. 
It is evident that any load at right angles to the joint, such as might 
occur in a duct with pressure in it, has a tendency to open up the 
joint. In addition, corrosion may result. In some cases, the mechanically 
locked joint is soldered to obtain tightness. 

The welded joint satisfies completely the requirements of a good 
joint. It is a complete fusing of the adjacent parts throughout the 
entire length of their contacting edges. The welded joint is strong, 
ductile, of good appearance, and low in cost. 

In welding sheet metal, it is advisable to use some sort of jigs 
or fixtures to hold the parts in place for welding and take care of 
the stresses which are put into the metal during rolling and which 
are released during welding. These jigs or fixtures must be so designed 
to hold the parts in shape, without permitting them to warp. Copper 
clamps may be used. Care should be taken in regard to alignment and 
set up, and consideration in laying out a job should be given to 
methods of controlling expansion and contraction, (see Page 82). 
Good fit-up is imperative. 

As in the case of any design, the selection of the type of joint 
to use in joining sheet metal is determined by the service conditions 
to be met. For example, a butt weld provides a smooth even surface 
at the joint. A lap weld, made in one bead only, has an opening or 
separation at the joint and substances may collect between the plates 
and cause corrosion. 

Since both butt and lap joints are used extensively, it is evident 
that selection depends on the service to be met. It is obvious that 
the welded joint is tight, and the selection of the joint becomes a 
question of methods of welding and cost. 

An electrode having low spatter and slag loss, depositing metal 
of high quality, should be used. The electrode should usually be 
negative and a short arc should be used since there is no tendency 
for electrode to stick. On thin sheets the generator must have proper 
current characteristics. These current characteristics are easily ob- 
tained with a welding generator designed for the work such as a 75 
or 100 ampere unit. When welding with a higher capacity generator 
such as 300 ampere, it may be necessary, particularly on very thin 
sheets, to insert a resistance of approximately one ohm in series with 
the arc to reduce current to desired value. 

In making vertical welds, welding either up or down may be used 
but downward is preferable. 
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Plain Butt Welds in Sheet Metal, Flat Position. — The require* 
ments of weld are 100% penetration, 100% strength. Welds are 
made with no backing and are welded from one side only, see 
Figs. 258, 259, 260. 


I 


3 


/2GQUGE $ SmLLEK 

Fig. 258 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

' 

1 Lbs. of 
Electrode 

I Per Foot 

S of Weld 

Fig. 258 

20 ga. 

1 

w 

30* 

18 

110 

.0132 

18 ga. 

1 

w 

40* 

18 

120 

.0149 

16 ga. j 

1 

Vi 9 

70* 

29 

130 

.020 

14 ga. 

1 

H“ 

85* 

29 

140 

.026 

12 ga. 

1 

W 

115 

25 

90 

.038 

Fig. 259 

10 ga. 

1 

w 

135 

25 

80 

.051 

Fig. 260 

8 ga. 

1 

%"V 

190 

27 

* 80 

.073 


^Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


Sfe 


(O GAUGE 
Fig. 259. 


i . 3 

3Z 

i ro 3 

8 SfiijGE- 

Fig. 260. 


Vertical Butt Welds in Sheet Metal. — For 8*ga. and thinner sheets 

the work is fitted up as shown in Figs. 258, 259 and 260. Penetration 
will be 85% or better in 8*10*12*ga. sheets and 100% in 14*ga. and 
thinner. 
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Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 258 

20 ga. 

1 

w 

30* 

18 

110 

.0132 

18 ga. 

1 

w 

40* 

18 

120 

0149 

16 ga. 

1 

yi’ 

70* 

29 

130 

020 

Fig. 258 

14 ga. 

1 

yi* 

80 

29 

120 

026 

Fig. 258 

12 ga. 

1 

w 

110 

26 

85 

.040 

Fig. 259 

10 ga. 

1 

w 

120 

27 

65 

.053 

Fig. 260 

8 ga. 

1 

w 

130 

27 

50 

.081 


* Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

f Note: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


Overhead Butt Welds in Sheet Metal. — The work is fitted up 
for welding as illustrated below for various thicknesses of material 


("' — 


Fig. 261. 



Fig. 262. 


3 


l 



] 


Fig. 263. 
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Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc i 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 261 
20 ga. 

1 

56' 

30* 

18 

110 

.0132 

18 ga. 

1 

w 

40* 

18 

120 

.0149 

16 ga. 

1 

X" 

70* 

29 

130 

.020 

Fig. 261 

14 ga. 

1 

X” 

85* 

29 

140 

.026 

Fig. 261 

12 ga. 

1 

w 

no 

25 

85 

.040 

Fig. 262 
10 ga. 

1 


115 

25 

65 

055 

Fig. 263 

8 ga. 

1 

Jfi' 

120 

26 

45 

.082 


♦Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


Fillet Welds in Sheet Metal, Flat Position. — Instructions as to 
position the electrode should be held in for making fillet welds are 
given in Fig. 238. 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

: Current 
Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
, of Weld 

18 ga. 

1 

w 

40* 

21 

60 

.031 

16 ga. 

1 

X" 

70* 

27 

60 

042 

14 ga. ! 

1 

X" 

100 

25 

60 

.060 

12 ga. | 

i 

1 

w 

150 

25 

60 

.074 

10 ga. * 

1 1 

%"v 

160 

25 

60 

.081 

8ga. j 

1 

i 

Jfi'v 

160 

25 

5° j 

.103 


♦Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 
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Lap Welds in Sheet Metal, Flat Position. — Typical procedure and 
speeds are tabulated below for lap welds made when plates are in 
horizontal position. (See Fig. 244.) 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

i 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

20 ga. 

1 

mm 

40* 

21 

100 

.020 

18 ga. 

1 

w 

60* 

22 

100 

.023 

16 ga. 


w 

100 

25 

100 

.029 

14 ga. 

■IftHt 

w 

i - 

130 

25 

100 

.037 

12 ga. 

(■OKI 

w 

135 

25 

90 

.045 

10 ga. 

l 

w 

155 

28 

90 

.075 

8 ga. 

i 

He" 

165 

28 

90 

.091 


♦Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


Vertical Lap Welds in Sheet Metal. — General procedures for 
vertical welding, see Page 144, apply for this type of weld. 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

20 ga. 

1 

mm 

40* 

21 

100 

.020 

18 ga. 



60* 

22 

100 

.023 

16 ga. 


yi" 


25 

100 

.029 

14 ga. 

iBiiBjj 

w 


25 

100 

.037 

12 ga. 

■bh 

w 


26 

75 

.049 

10 ga. 

i 

w 

130 

26 

90 

.062 

8 ga. 

l 

He" 

140 

26 

65 

.073 


♦Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

fNote; Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 
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Vertical Fillet Welds in Sheet Metal. — General procedures for 
vertical welding, see Page 144, apply for this type of weld. 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

18 ga. 

1 

— 

40* 

21 

60 

.031 

16 ga. 

1 

S3 

70* 

27 

60 

.042 

14 ga. 

1 

yv 

90 

24 

60 

.047 

12 ga. 

1 


140 

24 

60 

.071 

10 ga. 

1 

BUB 

150 

24 

55 

.081 


1 

SB 


24 

50 

.107 


♦Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

f Note: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


Overhead Lap Welds in Sheet Metal. — This type of weld in 
sheet metal is made with one bead as shown in Fig. 247. 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

20 ga. 

1 


40* 

21 

100 

.020 

18 ga. 

1 

w 

60* 

22 

100 

.023 

16 ga. 

1 

yv 

100 

25 

100 

.029 

14 ga. 

1 

w 

130 

25 

100 

.037 

12 ga. 

1 

w 

120 

25 

65 

.051 

10 ga. 

1 

w 

120 

25 

60 

.058 

8 ga. 

i 

w 

120 

25 

55 

.064 


♦Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 
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Overhead Fillet Welds in Sheet Metal. — 


Joint j 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

i 

Min. Arc 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

18 ga. j 

PHI 

w 

40* 

21 

60 

.031 

16 ga. 


X" 

70* 

27 

60 

042 

14 ga. | 

■m 

X" 

85 

24 

50 

.054 

12 ga. 

i 

w 

120 

24 

50 

.072 

10 ga. 

i 

w 

130 

24 

50 

.078 

8 ga. 

i 

w 

130 

24 




* Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 


Corner Welds, Flat Position, in Sheet Metal. — For welds of this 
type in 12 ga. and thinner material the work should be fitted up 
as shown in Fig. 264; for 10 ga., see Fig. 265; for 8 ga., see Fig. 266. 
Procedures for making comer welds in heavier material are the same 
as given for fillet welds, see Page 170. 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps, 

Min. Arc i 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 264 
20 ga. 

■■ 

n 

40* 

21 

180 

.0104 

18 ga. 

E 

w 

60* 

24 

180 

.0140 

16 ga. | 

1 

X’ 

90* 

24 

160 

.020 

Fig. 264 

14 ga. 

1 

X" 

90 

24 

120 

.022 

Fig. 264 
12 ga. 

1 

Jfi'.v 

125 

24 

100 

.037 

' 

Fig. 265 
10 ga. 

1 

Jfi'.v 

140 

24 

90 

.042 

Fig. 266 

8 ga. 

1 

J6W 

175 

27 

80 

.065 


♦Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

f Note : Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 
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/ZGffttGE eg SMALLER. 

Fig. 264. 



10 GAUGE. 

Fig. 265. 



Vertical Comer Welds in Sheet Metal. — Work should be prepared 
in the same manner as prescribed for making comer welds in flat 
position, see Figs. 264, 265, 266. Procedures for making this type 
weld in heavier material are the same as given for lap and fillet welds, 
vertical position, Page 175. 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 264 
20 ga. 

1 

w 

40* 

21 

180 

; 

.0104 

18 ga. 

1 

w 

60* 

24 

180 

.0140 

16 ga. 

1 

X" 

90* 

24 

160 

.020 

Fig. 264 
14 ga. 

1 

X" 

80 

28 

100 

.022 

Fig. 264 
12 ga. 

1 

w 

110 

! 

28 

95 

.036 

Fig. 265 
10 ga. 

1 

w 

130 

28 

90 

.043 

Fig. 266 
8ga. 

1 

Hi' 

130 

28 

75 

.051 


♦Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

fNote: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 
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Overhead Comer Welds in Sheet Metal. — Fig. 267 illustrates fit 
up of work for 12-ga. and thinner material. For 10'ga. see Fig. 268; 
for 8'ga. see Fig. 269. Heavier material is welded in the same manner 
as prescribed for overhead lap and fillet welds, see Page 176. 




/£ Gfil/SE THINNER. /O 

Fig. 267. Fig. 268. 


Joint 

Beads 

or 

Passes 

Electrode 

Si 2 e 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, I 
Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. 267 
20 ga. 

1 

w 

40* i 

21 

180 

.0104 

18 ga. 

1 

w 

60* 

24 

180 

.0140 

16 ga. 

1 


90* 

24 

160 

.020 

Fig. 267 j 
14 ga. 

1 


75 

25 

95 

.024 

Fig. 267 
12 ga. 

1 

w 

110 

26 

95 

.039 

Fig. 268 

10 ga. 

1 

w 

125 

26 

90 

042 

Fig. 269 

8 ga. 

1 

Hi 

125 

26 

65 

058 


♦Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

fNote; Speeds are for actual arc time only and do not take into account 
operating factors. See Page 142. 



& 6 f 


Fig. 269. 
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Edge Welds in Sheet Metal, Flat Position. — Edges should be 
fitted up close. The electrode to be held perpendicular and drawn 
along seam with arc only long enough to obtain a smooth rounded 
bead 



Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

tArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

20 ga. 

1 


40* 

21 

200 

.0094 

18 ga. 

1 

mm 

60* 

23 

200 

0126 

16 ga. 

1 

w 

80* 

25 

180 

.0171 

14 ga 

1 

H' 

no 

27 

175 

018 

12 ga. 

1 

W 

145 

28 

160 

-023 

10 ga. 

1 

w 

150 

28 

135 ! 

.029 

8 ga. 

1 

w 

160 

28 

125 i 

.031 


* Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

fNote: Speeds are for actual arc time only and do not take into account 
operating factors. See Page 142. 


Vertical Edge Welds in Sheet Metal. — 


Joint 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

20 ga. 

1 

w 

40* 

21 

200 

.0094 

18 ga. 

1 

w 

60* 

23 

200 

.0126 

16 ga. 

1 

w 

80* 

25 

180 

0171 

14 ga 

1 

rt" 

80 

26 

120 

.019 

12 ga. 

1 

w 

110 

26 

110 

.023 

10 ga. 

1 


120 

27 i 

100 

.029 

8 ga. 

1 

w 

120 

27 

80 

.033 


^Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal 

fNote: Speeds are for actual arc time only and do not take into account oper- 
ating factors. See Page 142. 
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Overhead Edge Welds in Sheet Metal. — 


Joint 

j 

Beads 

or 

Passes 

Electrode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

fArc 

Speed, 

Foot 

Per Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

20 ga. 

1 

w 

40* 

21 

200 

.0094 

18 ga. 

1 

w 

60* 

23 

200 j 

.0126 

16 ga. 

1 

yi’ 

80* 

25 

180 

0171 

14 ga. 

1 

yi" 

80 

26 

i 

120 

.019 

12 ga. 

1 

Of 

110 

26 

no 

.023 

10 ga. 

mam 



26 

100 

.029 

8ga. 

am 


120 

27 

80 

.033 


* Electrode, Negative; Work, Positive. Electrode especially designed for sheet 
metal. 

f Note: Speeds are for actual arc time only and do not take into account other 
factors. See Page 142. 

TYPE A ELECTRODE FOR HIGH TENSILE STEEL 

The following procedures, Pages 190 to 192, are for a well known 
Type A electrode of the flat-bead characteristics used in the welding 
of low-alloy, high tensile steel, and giving a weld of approximately 
75,000 pounds per square inch. Classification, American Welding 
Society Filler Metal Specifications, E7010. 

General. — Use reversed polarity (work negative, electrode posi- 
tive). Clean each bead thoroughly before applying next bead. To 
eliminate craters at end of weld or when changing electrodes, with- 
draw electrode slowly until arc is broken. 

Flat Welding. — A somewhat longer arc is required than that 
used with bare or lightly coated electrode. Hold arc so that arc 
voltage is not less than 30 volts. The distance from the end of the 
coating to the work should not be less than Do not allow the 
coating to dip down into the molten metal. 

The amperage used with a particular size of electrode will vary 
with the thickness of plate, type of joint, position of welding, fit-up, 
etc. The minimum and maximum currents for the various sises are 
given below: 


Electrode Size 

Amperage Range 

Min. 

Max. 

yi" 

75 

130 

w 

90 

175 

w 

140 

225 

yi’ 

190 

325 

He’ 

250 

400 
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Vertical and Overhead Welding. — In vertical welding start at 
the bottom of the weld, build up a shelf, weaving from side to side 
the full width of the weld or vee. 

Use % 2 ff for most work. can be used for finish beads and 

on heavy plate. Arc voltage should not be less than 25 volts. 

In overhead welding, hold the electrode vertical and oscillate the 
arc slightly. In welding thick plate, make the weld with several 
narrow beads. Do not weave a wide bead the full width of the V. 
Clean each bead thoroughly before applying the next. 


Electrode Size 

Amperage Range 

Min. 

Max. 

X" 

75 

130 

w 

100 

160 

w 

125 

180 


In general, use currents about in middle of above ranges. 


As mentioned on Page 150, there is another Type A electrode 
(flat bead) which gives a higher tensile strength than the E7010. 
Following is a procedure for a well known electrode of this type which 
gives a weld of 95,000 to 105,000 lbs. per sq. in. tensile strength. 

General. — Use reversed polarity (work negative, electrode posi' 
tive). Clean each bead thoroughly before applying next bead. To 
eliminate craters at end of weld or when changing electrodes, withdraw 
electrode slowly until arc is broken. Hold a fairly short arc (24 - 28 
volts) but do not allow the coating to dip into molten metal. 

Flat Welding. — The amperage used with a particular she of elec- 
trode will vary with the thickness of plate, type of joint, position of 
welding, fit-up, etc. The minimum and maximum values for the 
various shes are given below. 


Electrode Size 

Amperage Range 

Min. 

Max. 

X" 

70 

120 

w 

90 

170 

w 

125 

210 


In general, amperage in the middle of above ranges will be found 
most satisfactory for flat work. 

Vertical and Overhead Welding. — Use % 2 /r for most work. The 
she can be used for finish beads and on heavy plate. 

In vertical welding start at the bottom of the weld, build up a 
shelf, weaving from side to side the full width of the weld or vee. 

In overhead welding, hold the electrode vertical and oscillate the 
arc slightly. In welding thick plate, make the weld with several 
narrow beads. Do not weave a wide bead the full width of the 
vee. Clean each bead thoroughly before applying the next. 

In general, use currents slightly under the middle of the above 
ranges. 
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PROCEDURES FOR TYPE B ELECTRODES (CONVEX BEAD) 

The following procedures on Pages 192 to 198, apply to a well" 
known Type B electrode of convex bead characteristics (American 
Welding Society Specifications E6012). 

Polarity: Straight (electrode negative, work positive). Also operates 
well with A.C. 

Arc Length: Hold as short an arc as practical similar to bare 
electrode welding. (See approximate arc voltage below.) 

Current: Because of variations in thickness of plate, fit-up, etc., 
specific current values vary, however, the following table will give 
the usable amperage ranges and arc voltage for the various sizes of 
electrodes. A recommended current value is also given which is the 
approximate current used on most jobs. 



Amperage 

Arc Voltage 

Ol2C 

Min. 

Max. 

Recommended 

36 " 

25 

90 

70 

16-20 

X" i 

55 

140 

115 

20-24 

Jfi' 

90 

200 

150 

21-25 

J6' 

120 

275 

210 

22-26 

W 

140 

325 

255 

23-27 

X' 

175 

500 

300 

24-28 

w 

240 

625 

380 

26-30 

w 

300 

750 

450 

28-32 


The following procedure is for fit-ups as shown. Unless dimen- 
sions are shown, joints are fitted tight. No allowance is made for 
fatigue, change of electrodes, etc. 

Note that while the data are for good fit-up this is particularly 
applicable to work where fit-up is not very good. It builds up easily 
and consequently high speeds may be attained with easy operation 
on relatively poor fit-ups. See Page 150. 

Note however that in some cases, as lap joints of thin material and 
poor fit-up, care must be taken to make sure that no slag gets in 
along the side or edge of upper sheet adjacent to the weld. Attention 
should be given to fit-up in this particular case to get good results 
at reasonable speeds. 

It is obvious that due to the characteristics of the deposit, i.e., it 
piles up, vertical and overhead beads may not be as smooth as deposits 
from a Type A electrode. 

In the following, speeds are given without any allowance for 
fatigue or fit-up. Pounds per foot of electrode include stub end 
losses. 
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Butt Welds— Without Backing 


Joint 

See Fig. 271 

Beads or 
Passes 

Electrode 

Size 

Amps. 

Volts 

Arc Speed 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode per 
Ft. of Weld 

18 ga. 

1 

w 

70 

19 

110 

.019 

16 ga. 

1 

x* 

100 

21 

110 

.023 

14 ga. 

1 

A" 

120 


110 

.030 

X' 

1 

J6' 

150 

S3 

80 

.0530 


1 

Ht' 

215 


55 

.120 

A" 

1 

W 

150 

22 

19 

.36 

2 

A" 

275 

24 

M' 

1 

w 

150 

22 

15 

.53 

2 

(weave) 1 

A" 

300 

24 


1 


150 

22 



A" 

2 


300 

24 

11 

.95 


3 

(weave) 

W 

375 

25 




Note: Speeds are actual arc time only and do not take into account other 
factors. See Page 142. 
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Fillet Welds— 

Where heavier joints are made, proceed as indicated and use last 
sue electrode for a sufficient number of passes to complete joint. 



Fig. 272. 



Fillet Welds 


Joint 

See Fig. 272 

Beads or 
Passes 

Electrode 
Size ; 



Arc Speed 
Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode per 
Ft. of Weld 

18 ga. 

1 

— 

75 

19 

65 

.031 

16 ga. 

1 

l A” 

100 

21 

65 

.041 

14 ga. 

1 

yi" 

120 

22 

65 

.048 

y&" 

1 

W 

200 

23 

80 

.080 

w 

1 

X" 

275 

25 

65 

.140 


1 

K’ 

300 

27 

50 

20 

w 

1 

W 

350 

28 

45 

.29 

w 

1 

w 

375 

28 

35 

.40 

Fig. 273 

X' 

1 

w 

350 

28 

17 

.80 

2 

He" 

350 

28 


Note: Speeds are actual arc time only and do not take into account other 
factors. See Page 142. 


Lap Welds — 

Play arc on bottom plate and govern travel so that upper edge 
just melts and fills in properly. 


i , 

Fig. 274. 


3 








PROCEDURES , SPEEDS AND COSTS 


195 


Lap Welds 


Joint 

See Fig. 274 

Beads or 
Passes 

Electrode 

Size 

Amps. 

Volts 

Arc Speed 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode per 
Ft. of Weld 

IS ga. 

1 


75 

19 

75 

.02S 

16 ga. 

1 

\oo 

100 

21 

75 

03S 

14 ga. 

1 

3 ^" 

120 

22 

75 

044 

X" 

1 

W 

200 

23 

100 

060 

w 

1 

XT 

275 

24 

90 

106 

X" 

1 

X" 

300 

25 

65 

160 

%' 

1 

X" 

300 

25 

45 

.234 

H* 

1 

X’ 

300 

25 

35 

.298 


Note: Speeds are actual arc time only and do not take into account other 
factors. See Page 142. 


Comer Welds — 



Fig. 275. 


Corner Welds 


Joint 

See Fig. 275 

Beads or 
Passes 

Electrode 

Size 

Amps. 

Volts 

Arc Speed 
Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode per 
Ft. of Weld 

18 ga. 

1 


70 

19 

125 

.0140 

16 ga. 

1 

X' 

110 

21 

125 

.0250 

14 ga. 

1 

X" 

125 

22 

125 

.0290 

X" 

1 

w 


24 

125 

.039 


1 

w 

215 | 

25 

65 

.113 

X" 

1 

X" 

300 

27 

55 

.189 

X" 

1 

Ym” 

375 | 

28 

40 

.37 


Note: Speeds are actual arc time only and do not take into account other 
factors. See Page 142. 
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Edge Welds — 


Fig. 276. 


Edge Welds 


! 

Joint 

See 

Fig. 276 

Beads or 
Passes 

Electrode 

Size 

| 

Amps. 

Volts 

Arc Speed 1 
Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode per 
Ft. of Weld 

18 ga. 

1 

w 

75 

19 

140 

.0140 

16 ga. 

1 

yi w 

100 

21 

140 

.021 

14 ga. 

1 

56' 

150 

20 

140 

.031 

yi’ 

1 

— 

215 

22 

115 j 

.055 

w 

1 

X“ 

300 

22 

105 

.086 


1 

(slight weave) 


350 

24 

85 

.140 


Note: Speeds are actual arc time only and do tvot take into account other 
factors. See Page 142. 


Vertical and Overhead Welding — 

In making vertical welds, welding from the bottom up is generally 
recommended, however, on thin material where a very small bead 
is desired, welding may be downward. 

Sises of Y&" and %2" generally are recommended for vertical 
and overhead work, although on thicker plates the sise may be 

used to advantage. 


Vertical Fillet and Lap Welds 


Joint 

Figs. 272-274 

Beads or 
Passes 

Electrode 

Size 

Amps. 

Volts 

Arc Speed 
Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode per 
Ft. of Weld 

down 

1 

mm 

150 

22 

40 

110 

down 



150 

22 

19 

.23 

W up 




22 

9.5 

.45 

X” up 


56' 


22 

5 

.86 

K'up 

2 

56' 

150 

22 

3.00 | 

1 66 

1 

56' 

215 

23 


Note: Speeds are actual arc time only and do not take into account other 
factors. See Page 142. 
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UP 



Vertical Butt Welds 


Joint 

See Fig. 277 

Beads or 
Passes 

Electrode 

Size 

Amps. 

Volts 

Arc Speed 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode per 

1 Ft. of Weld 


1 

W 

115 

20 

1 R 

1 R 

-T6 

2 

w 

150 i 

■ 

22 



X' 

1 

X" 

115 

20 

10 

.27 

H' f 

2 

w 

150 

22 

8 

.56 

X" 

2 

w 

150 

22 

5 

.86 


Note: Speeds are actual arc time only and do not take into account other 
factors. See Page 142. 


In all cases of butt welds, backing up strip is beneficial and where 
practical should be used. 



Overhead Butt Welds 


Joint 

See Fig. 278 

Beads or 
Passes 

Electrode 

Size 

Amps. 

Volts 

Arc Speed 

Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode per 
Ft. of Weld 

X" 

1 

xr 

125 

19 

10.5 

.391 

2 

w 

150 

21 

X' 

1 

X' 

125 

19 

6.5 

.62 

2 

W 

150 

21 

X' 

1 

X" 

125 

19 

4.0 

1.00 

2 

w 

150 

21 


Note: Speeds are actual arc time only and do not take into account other 
factors. See Page 142. 
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I 



Fig. 279. 


Overhead Fillet and Lap Welds 


Joint 

See Fig. 279 

Beads or 
Passes 

Electrode 

Size 

Amps. 

Volts 

Arc Speed 
Ft. of Joint 
Per Hr. 

Lbs. of 
Electrode per 
Ft. of Weld 

w 

■PIP 




35 

.130 

w 

2 




16.5 

.28 

H’ 

mm 

w 

150 

21 

9.0 

.54 

X' 

mm 

w 

150 

21 

4.5 

1.03 


Note: Speeds are actual arc time only and do not take into account other 
factors. See Page 142. 


PROCEDURES FOR TYPE C ELECTRODES 
(CONCAVE BEADS) 

For Fillet Welding 

The following procedures are for a well known mild steel Type C 
electrode of concave bead characteristics. American Welding Society 
Specifications, E6020, for fillet welding in the down or flat position. 

General. — This electrode operates with either AC or DC. If DC 
is used, the electrode should be run with straight (negative) polarity, 
(work positive). Approximate current ranges for fillet welds with 
one plate vertical are as follows: 


Electrode Size 

Amperage Range 

Arc Voltage 


Min. 

Max. 1 Plate 
Vertical 

Max. 

* 

Min. 

Max. 

56' 

80 

160 

180 

20 

24 

56' 

130 

225 

250 

21 

26 

X' 

225 

300 

375 

24 

30 

* 96 " 

325 


500 

26 

34 


425 


625 

28 

38 


* Work positioned, 
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The exact current for best results will depend on thickness of 
plate, fitup and size, of bead desired. 

If the plates are tilted so that the welding is done in the flat 
position, the maximum currents may be increased to approximately 
the values given under maximum. 

Success in making smooth fillet welds with equal legs and without 
undercutting or overlapping depends upon several factors which 
must be controlled in the welding operation. 

1. Arc Blow. — Either a strong forward or backward magnetic 
arc blow will prevent the making of a first class fillet weld. With 
AC, little difficulty will be experienced with arc blow. With DC, 
the well known methods such as placing the ground to counteract 
blow, should be employed. 

2. Arc Length. — Hold a close arc. The coating should not touch 
the molten metal, but should be held as closely as possible. This 
is particularly important in making large single pass fillets where 
one plate is vertical. Too long an arc will cause undercutting at 
the vertical plate. Too much current will cause the same difficulty. 
If small fillets and speedy welding are desired, the coating can be 
dragged against the plates. 

3. In general, the electrode should be pointed backward at any 
angle of about 60 degrees to the line of the weld as this assists in 
getting proper slag coverage of the bead and helps to keep the slag 
from running ahead of the arc. 

4. Perhaps the most important thing to watch in obtaining a uni' 
form bead is to control the current and rate of welding so that the 
slag freezes over the entire surface of the bead. With a given thick' 
ness of plate and a given current, too fast a rate of travel may cause 
the slag to form in islands which results in a rough bead. On the 
other hand, too slow a rate of travel may cause so much slag to be 
piled up that it will run down away from the vertical plate and spoil 
the contour of the bead. 



Fig. 280. Flat position. Fig. 281. Flat, tilted position. 

Note: Weld* larger than should he made with multiple stringer passes ^ using A* electrode 
at 200 amps. Beads as actually deposited may be larger than nominal site “t,” particularly in 
smaller site*. 


It is to be noted that the following procedure is conservative, 
and that in the heavier joints (above y%”) the superiority of this 
type electrode is most evident. 
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Joint “t” 

Remarks 
(See Fig. 2S0 
and Fig. 281) 

Beads 

or 

Passes 

Elec- 

trode 

Size 

Current 

Amps. 

Min. Arc 
Volts 

Arc Speed 
Ft. of Joint 
Per Hr. 

Electrode 
LBS/FT 
•f Weld 

w 

Flat 

1 

He 

200 

21 

43 

16 


Tilted 

1 

He 

250 

21 

53 

16 

X" 

Flat 

1 

!4 

250 

24 

40 

.25 


Tilted 

1 


350 

24 

53 

25 

X" 

Flat 

1 

X 

300 

24 

30 

39 


Tilted 

1 

He 

500 

26 

48 

39 

X" 

Tilted 

1 

He 

500 

26 

34 

.55 

H" 


1 

1 He 

500 

26 




Tilted 

2 

H 

600 

28 

16 

1 32 



1 

Ms 

500 

26 



V 

Tilted 

2 

^8 

600 

28 




Slight weave 

3 

H 

600 

28 

10 

2.25 


Note: Speeds are actual arc time only and do not take into account other 
factors. See Page 142. 


TYPE C ELECTRODE FOR DEEP-GROOVE WELDING 

The following procedures are for a well known mild steel Type 
C electrode of concave bead characteristics, designed particularly for 
“IP groove joints in flat position. American Welding Society Spech 
fications E6030. Included with these procedures is also the procedure 
for the finish pass or last pass electrode mentioned and discussed on 
Page 152. 

These electrodes are designed to operate with either A. C. or D. C. 
With D. C. they will operate equally well with positive or negative 
polarity. 

When D.C. is used, positive polarity is generally recommended. 
However, there are certain conditions frequently encountered in deep" 
groove welding which tend to cause the formation of surface holes 
in the weld metal. When welding steels containing more than normal 
amounts of manganese, silicon, aluminum or slag segregations high 
in sulphur, or phosphorus, surface holes are quite often encountered, 
especially in the first few beads of a deep-groove weld. Under these 
conditions, the use of negative polarity will generally eliminate the 
surface holes. 

Therefore, when D. C. is used, it probably will be necessary if 
best results are to be obtained, to start at the bottom of a deep groove 
with negative polarity and change to positive polarity after the first 
few beads have been deposited. 

It should be mentioned that small surface holes, as a result of 
excessively deoxidizing atmosphere at bottom half of groove, are 
remelted in depositing subsequent beads and do not appear in the 
finished weld. 
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The usual practice should be followed in cleaning off the slag 
(which comes off very easily) before the next bead is deposited. 

Hold a fairly close arc, but do not allow the coating to touch 
the molten metal. 

The following table may be used as a guide in selecting the best 
welding currents for a given job. 


Values near those in the "average” column will be found best 
for welds of highest quality. 

General Procedure. — Depending upon local shop conditions various 
first pass procedures can be used. In general, required quality of weld 
and fit'up will govern the procedure to be followed. 



Fig. 282. 

Procedure for the joint shown in Fig. 282 calls for edges butted 
tightly together. Type C electrode should be used. 


Fig. 283. 

Procedure for the joint shown in Fig. 283 calls for edges to be 
spaced %%' to % 2 /r Type A electrode or Type B electrode 
should be used. 


Fig. 284. 

Procedure for the joint shown in Fig. 284 calls for the edges to 
be spaced any amount depending upon required overall dimension. 







Electrode 

Amperage Range 

Size 

Min. 

Av. 

Max. 


175 

220 

250 

K' 

275 

330 

375 

W 

375 

425 

500 
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With a steel backing-up strip tacked to the under side of the joint, 
a J4 /r Type C electrode should be used. 

In general the procedures, after the first pass, will be identical. 
It is self evident that when the sise of the groove is larger than 
recommended the required amount of electrode per foot of weld 
will be higher and the arc speed somewhat lower (see Page 208 dis- 
cussing effect of wide groove and fit-up on cost). It is recommended 
to change from layer passes to overlapping passes whenever the bead 
width exceeds 

In order to meet certain specifications, it may be required to chip 
out pass (1) to the point where clean sound metal is reached. This 
back-groove is then filled similar to pass (2). 



Note: Speeds are actual arc time only and do not take into account other 
factors. See Page 142. 
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TYPE C ELECTRODE FOR FINISH PASS WELDING 

An electrode designed for down 'hand welding on flat surfaces 
for finish bead welding and to provide full slag coverage and except 
tional smoothness, is frequently used in combination with the electrode 
discussed above. Following are the recommended procedures. 


Electrode Size 

i Amperage Range 



Min. 

Max. 


X" x 18" 

275 

400 

W x 18" 

325 

600 


Lower currents are for lighter plates where heat capacity is low. 
Higher currents are for heavy plates. 

It can be used with either normal or reverse polarity D. G. or 
with A. C. current. 

Hold a fairly close arc, but take care not to allow coating to touch 
the molten metal. 

This may be used for finish bead on both sides as the final bead 
upon completion of the joint then number one bead may be chipped 
out and a pass made similar to bead number two. This is followed 
by a finish bead. 


TYPE C ELECTRODE FOR HIGH TENSILE STEELS 

The following procedures are for a well known high tensile Type 
C electrode of concave bead characteristics, designed for flat “U” 
groove welding, and generally used for the low'alloy high'tensile 
steels. American Welding Society Filler Metal Specifications E7030. 

General Instructions. — Polarity: This electrode is designed to 
operate with either A. C. or D. C. With D. C. it will operate equally 
well with positive or negative polarity. When D. C. is used, positive 
polarity is generally recommended. 

The usual practice should be followed in cleaning off the slag 
(which comes off very easily) before the next bead is deposited. 

Hold a fairly close arc, but do not allow the coating to touch 
the molten metal. 

The following may be used as a guide in selecting the proper 
welding currents for a given job. 


Electrode Size 


X 


Min. 


180 

300 


Amperage Range 


Max. 


230 

360 


The general practice of preheating high tensile plate to 300° F. 
and keeping the work at that temperature throughout the welding 
operation, is highly recommended. 

The detailed procedure for using this type electrode will be very 
similar to that given for E6030 requirements. 
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TYPE C ELECTRODE FOR A. C. WELDING 

The following procedures are for a well known Type C electrode 
of concave bead, designed especially for use with A. C. American 
Welding Society Specifications E6013. 


Electrode Size 

Amperage Range 

Min. | 

Max. 

W x 12" 

25 

85 

yi’x 14" 

45 

135 


65 

190 


It will be noticed that a wide range of current is given for each 
sue. The low currents are minimum, used to make a weld on light 
gauge metal. The maximum values are for rapid deposition and 
high-speed welding on plate that is heavy enough to take the heat. 
For most work, amperage near the middle of the range should be used. 

Hold a fairly close arc. 

When making vertical welds, welding upward is recommended, 
using current values near the middle of the range. 


INTERPOLATING DATA ON IN-BETWEEN SIZES OF PLATE 

Occasionally, it may be necessary to have information on sizes 
of joints not shown definitely in tabular form. One of the quickest 
and easiest ways to get this is to plot curves and' from these take the 
data. 

For example, suppose information is desired on the welding of 
and % 6 " plates with V groove butt joints, flat position. Refer 
to the table on Page 155. Plot horizontally to an enlarged scale the 
plate thicknesses as shown in Fig. 288. 



UJ 

y 

£ 

CSC 

k! 


O 

m 


O 

Cl, 
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Against these plot the speed and pounds of electrode required 
per foot of weld. 

At the desired plate thicknesses measure the values desired. For 
example* 

at 5 /iq " — .45 lbs. per foot at 15.2 ft. per hr. 
at %6 /7, — -93 lbs. per foot at 11 ft. per hr. 

The electrode size , amperes and voltage may be judged^ from the 
tabulation. The first bead is the same in all cases, and for 7 /iq" plate 
use y 2 " data. For %6 /r plate use 34 " data. 


ESTIMATING WELDING COSTS FOR THE 
MANUAL SHIELDED ARC PROCESS 

Factors Involved. — The real cost of a product must include not 
only the expenditure of time, money and materials for direct manu- 
facturing, but must also take into account the service life and per' 
formance. The importance of these factors dictates that they must 
be kept in mind at all times from the inception of the design to its 
final completion and use in service. 

Production costs of a welded item may be divided into three 
general parts, namely, 

(1) Preparation 

(2) Welding 

(3) Finishing Treatment 

Preparation involves design; forming, cutting and welding; selec- 
tion of the type of joint fitup; sub assembly, and final assembly. 

Design. — Preceding actual fabrication — even before pencil is 
put to paper — the design must be carefully analysed and visualised 
so that its fabrication in relation to the equipment and facilities avail- 
able in the plant wherein it is to be built and the use to which the 
customer will put the part may be clearly outlined. See Page . 387. 
After this general consideration, specific load and service conditions 
are to be given attention, for these conditions indicate the type of joint 
to be used. 

Types of Joint. — The type of joint to be used depends on load 
conditions to be met, i.e. whether it is steady, varying, fatigue or impact. 
(See Page 40 for discussion of joints and their load characteristics.) 

As indicative of the method, assume that a butt joint is required. 
Several types of butt joints are available. The square grooved butt 
joint is the simplest, its preparation involving straight cuts to dimen- 
sion, with opening between plates depending upon plate thickness. 
See Fig. 289. 


[ 


Fig. 289. 


Fig. 290. 



Fig. 291. 


The single vee joint requires more preparation and more electrode 
than the square groove joint requires. See Fig. 290 
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With the double vee joint, shown in Fig. 291, cost of machining 
is higher than the single vee. However, it requires only half the 
amount of electrode for the same plate thickness. 

Both the cost of machining and the cost of welding must be 
determined and the joint selected on the basis of lowest cost. In 
a given plant the cost per pound of deposited metal is known and 
the cost of machining per foot is known. A combination of these 
two, resulting in lowest cost, is selected. When basic cost figures are 
known this can be determined for the various types of joints and 
thickness of plates. 

Forming , Cutting and Welding.— Welding and forming may be 
combined in fabrication of welded designs so as to reduce greatly the 
cost of a part. The container shown in Fig. 292 might be made in 
four parts as shown in Method No. 1 resulting in a weld on each 
comer. The scrap loss is low and the cuts are simple but the welding 
is considerable. If, however, the parts are cut as shown in Method 
No. 2, and bent along the edges, the welding footage is materially 
reduced. The cutting cost and the scrap loss are increased. The re- 
sultant product would be made of two pieces, bent along the edges. 




2-REQ'D. Z-REQ l D. 

METHOD H2-1 



METHOD N* 2 
Z-REQ'D. 



Fig. 292. 


A modification of the design might be made as shown in Method 
No. 3. The factors, such as the type of equipment available in the 
plant will determine which combination of parts is most economical. 

A direct comparison of costs is enlightening. Suppose the gross 
weight of the part is 30 lbs. and the cost of the welding is 18^ 
per foot. With 2 ft. on a comer, or a total of 8 ft., the cost of 
welding is $1.44. 

Compare this to the part in Method No. 2 where the total footage 
is 2 l / 2 , the cost is 45^. As a matter of fact, the cost would really be 
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less than this because the joint in Method No. 2 which is a flat butt 
joint (square groove), might be welded in a fixture on a backing-up 
strip. It is, therefore, easier to make than the corner joint illustrated 
in Method No. 1. 

Increase in scrap loss — say 25 % — would make the gross weight 


371/2 lbs. 

Resultant costs are: 

Material (30x 30) $ .90 

Welding 1.44 

Total $2.34 

Material ( 371/2 x 30) $1.13 

Welding 45 

Total $1.58 

Saving due to bending $ .76 


This saving does not include the cost of bending, yet this would 
be only a fraction of 760. Hence, in general, when proper equipment 
is available, it is more economical to form or bend than to weld. 

Shapes are not only bent, formed and machined for welded de- 
signs, but they are also cut by gas. It is interesting to note that up 
to 5" thick plate inclusive, the cost for gas only for a cut of 100 
square inches is approximately 250 (at the average price of oxygen 
and acetylene). The speed of cutting increases rapidly as thickness 
of plate is reduced so that the labor charge varies. See Fig. 293. 



Fig. 283. 
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Note that as the thickness of the plate increases, production in 
square inches cut also goes up. For example, J/4-inch plate cut at a 
rate of 120 feet per hour is 360 sq. inches cut. Plate of /z "inch 
thickness, cut at a rate of 108 feet per hour is 648 sq. inches cut. 
Plate of one inch at 80 feet per hour is 1080 sq. inches cut. Economy 
through the use of large plate is obvious insofar as this factor of 
preparation is concerned. 

The data as given are for no fatigue and no set-up allowances. 

Fit-up. — Joints and their fit-up shoud be given most careful con- 
sideration, as fit-up affects not only the cost of the welded joint 
as such, but also the performance of the finished product. As an 
illustration of the effect upon cost in a very simple nt-up, notice the 
case shown in Fig. 294, where there is shown a T-weld with /4 


Z 


lk 


2 






Lbs. /Ft. of Joint 

.40 

58 

80 


Cost/Ft. 

$0 40 

0 58 

0.80 


Increase in Cost 


$0.18 

0 40 



Fig. 294 . 


plates. Assume that the cost per foot of joint is $0.40. (See page 215). 
If, however, there is a gap between the vertical plate and the horizontal 
plate of % 6 -inch, the cost is increased to $0.58 per foot. If this dis- 
crepancy is J/g-inc h, the cost is increased to $0.80 per foot, resulting in 
a difference of $0.18 to $0.40 for ^e" and V\ respectively. Obviously 
money spent in obtaining good fit-up is readily saved in welding. 

Sub Assemblies. — Detailed consideration of what at first might 
appear to be minor factors often results in startling cost reductions. 
A few simple examples illustrate this fact. 



If an angle is to be joined to a plate primarily for stiffening and 
the edge of the plate serves as the locating surface, then the location 
of the angle is not of vital importance. (See Fig. 295.) However, 
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it may be easier to use the plan of Fig. 297, where the angle is the 
locating surface. Both of these are relatively easy to fabricate. How- 
ever, the plan shown in Fig. 296 is more expensive, because both the 
angle and the plate are locating surfaces and it is necessary to scarf 
these or machine the weld. A little thought given to this item will 
save considerable money in the shop. 



Fig. 298. 


Next, take for example, the two joints shown in Fig. 298. In 
one case the plates require scarfing and in the other they do not. 
The comparison is obvious. 

Another example is that of the joint of the two plates shown 
in Fig. 299. In one case, one plate is set back and the usual fillet 



Fig. 299. 


weld is made. In the other case, however, the one plate is not set 
in so far, and the base metal is melted and part of this base metal 
forms the bead. Reduction in cost results because the speed is higher 
and less electrode metal is required. This is comparable to a square- 
groove joint. 

The relation of two parts to each other offers another study for 
cost reduction. Such a relationship is that of a head at the end of 
a casing as shown in Fig. 300. The head may be fitted inside the 
casing (left) which results in a rather difficult fit-up in order to 
obtain good contact between the head and the casing or wrapping 
plate. It requires that the parts be accurately made and that care 
be taken in the fit-up. (See Page 208.) In the other case (right), 
the head is placed on the end of the casing. This requires that the 
casing be straight — cut and bent — but it permits a slight adjustment 
of the dimensions of the casing and allows a quicker and easier fit-up. 



Fig. 300 
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Assembly* — Along the same general lines as above, the follow- 
ing illustrates the problem of final assembly. 

Proper plate thickness to meet the requirements should be given 



Fig. 301. 


careful thought. Fig. 301 shows the corner of a machine. Looking 
at the joint, it might be possible to make the parts “B” and “C” of 
one piece of heavy plate, and the part ‘‘‘D 1 ’ of lighter plate. Just 
a brief glance at the cross-section of these joints indicates how great 
the cost reduction may be. 

It is true that welding itself is inherently a low-cost method of 
joining parts of metal, nevertheless indifference and thoughtlessness 
in designing may greatly decrease or nullify possible cost reduction. 
These various factors, kept in mind and given thought in the drawing 
room should produce substantial economies. 

STUDY OF WELDING COSTS 

Welding costs comprise the cost of labor, electrode and power. 

Labor* — The cost due to labor depends on how many pounds of 
effective metal are deposited per hour — or in other words, how many 



Fig. 302. 




PROCEDURES , SPEEDS AND COSTS 


211 


minutes per hour the arc is in operation. This time expressed in per 
cent is known as the operating factor. Obviously, this operating factor 
is in turn affected by positioning devices, jigs, fixtures, and other 
means for maintaining actual weld production. 

As an example, assume a labor rate of $1.00 per hour and an arc 
speed of 50 ft. per hour. Arc speed is the actual rate of travel of the 
arc and may be expressed in inches per minute or feet per hour. For 
different operating factors the following costs result. This relation 
is shown in the curve of Fig. 302. 

Operating Factor Production per Hour Cost per Foot 
% (Ft. per Hr.) 

20 10 $0.10 
40 20 0.05 

60 30 0.0333 

80 40 0.025 

100 50 0.02 

Inspection of the curve in Fig. 302 reveals that the greatest cost 
reduction can be made by maintaining maximum operating factor. 



Fig. 303. Considerable cost reduction is possible in the production ol welded peats 
through the application oi special solutions to eliminate adherence of spatter. This 
solution is applied with an ordinary paint brush to the welded part. It cuts weld clean- 
ing time 20% to 60%. The above fillet weld specimen, half of which was treated with 
this solution, illustrates how it reduces the adherence of spatter for less cleaning time. 


Jigs and Fixtures. — One method of keeping the operating factor 
high is by the use of proper jigs and fixtures, and by proper set up. 
As an example of this, assume it takes a welder two minutes to weld a 
job and two minutes or slightly less to set it up. That is four minutes 
per part, or a total production rate of fifteen per hour. The use of jigs 
and fixtures is illustrated by providing a helper and another jig. The 
helper then can set up while the welder is welding and the production 
is increased to thirty units per hour, reducing costs materially. A pro' 
duction of fifteen parts per hour requires a jig, a welding machine and 
a welder, whereas thirty per hour require two jigs, a welding machine, 
one helper and a welder. Cost reduction is obvious because the second 
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fifteen parts are produced at the cost of one jig and one helper. See 
Fig. 304. 


Helper 



Fig. 304. 

Another factor affecting the operating factor is the matter of work' 
ing position. The work should be positioned so that it is easy and 
convenient for the welder to weld. For example, suppose that the 



U FEET PEP HOUR 26 FEET PER h OUR 


Fig . 305. 



Fig. 306. This positioning Jig and fixture pormits tho uso of largo olectrodoi for fastor 
wolding. Coots aro furthor rodueod in tho manufacture of this machino part by using 
bonding to fullost oxtont possible. (Hoary plato is boat hot.) 
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operator can always weld in the down-hand position. The speed will 
then be, say, 26 ft. per hour. If, however, it is necessary to weld it in 
the fillet position, the speed may be only 1 1 ft. per hour. (Actual arc 
speeds.) See Fig. 305. 

Reduction of labor cost can be accomplished by obtaining a high 
operating factor and by the use of proper jigs and fixtures, obtaining 
proper positioning so as to make it possible to obtain high speeds. 
These factors are particularly controllable in welded fabrication. 


Fig. 307. Motor operated revolving tilting welding table. Permits down-hand welding 
of all Joints in machine parts such as shown for substantial savings in welding time. 


Fig. 308. These views of a 3-ton motor-operated welding positioner show how it 
brings the Joints of a base into position for speedy, down-hand welding. 
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fig. 309. Left: Hand-operated welding work positioner. Hight: Mo 
positioner with, push-button control and automatic limit switch cut-off, 
steel construction. 


Electrodes. — Now, assume that the most favorable set-up has been 
devised — keep this factor fixed — and note the effect of changing arc 
time by means of electrodes. 

Assume the following four arc speeds for different sizes or types of 
electrodes. The set-up time is the same in each case. To produce a 
unit of, say, 100 ft. of welding: 

Arc speed per hr. 

Arc time, hrs. 

Set-up time, hrs. 

Total time, hrs. 

Cost (@ $2.00 per hr.) 

Cost reductions 
Production increases, % 

(Based on 7 hrs.) 

Note that, in spite of the fact the set-up time is the same in the 
four cases, there is a marked increase in production with no increase 
in equipment or floor space. These factors are plotted in Fig. 310. 

How can arc time be increased for minimum welding cost? There 
are two ways. One: Increase the size of electrodes. Two: Increase 
electrode deposition efficiency with the proper type of electrodes. 

First, consider the effect of electrode size on the cost of deposited 
metal. Assume that deposition efficiency (ratio of amounts of deposited 
metal to total electrode consumed) , the type of joint and all items except 
the electrode size are fixed. Labor is $1.00 per hour; power is $0.02 per 
k.w. hr.; operating factor (ratio of arc time to total time) is 50%; 
overhead is 100%; and deposition efficiency is 66^/3 %. Vary the size 
of electrode as shown in the table below. The values for amperes, volts, 
consumption rates and welder efficiencies are obtained from Page 220. 


20 

5 

2 

7 

14.00 


25 

4 

2 

6 

12.00 

2.00 

17 


30 

3.3 
2 

5.3 
10.60 

3.40 

32 


40 

2.5 
2 

4.5 

9.00 

5.00 
55 
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Interruptions per pound (for electrode changing) are based on the 
number of electrodes comprising a pound as purchased. 

The costs per pound deposited for various size electrodes are 
tabulated below. 


Effect of Changing Electrode Size 


Electrode size 

>4 

% 

% 

X 

% 

H 

Amperes _ 

110 

130 

150 

250 

325 

425 

Arc volts... _ 

24 

25 

26 

30 

34 

38 

K.W. at arc- 

2.64 

3.25 

3.9 

7.5 

11.1 

16.1 

Consumption rate, lbs. per hr.. . .._ 

2.6 

3 3 

3.95 

7.5 

10.7 

16.2 

Deposit, lbs. per hr. (50% operating 







factor).. 

0.87 

1.1 

1-32 

2.5 

3.57 

5.4 

Efficiency of set (%) - 

47 

50 

51 

55 

59 

59 

Kilowatt input .... 

5 6 

6.5 

7 65 

13.65 

18.8 

27.3 

Interruptions per lb. consumed 

18 

12 

8 

5 

3 

2 

Cost per Pound Deposited 

Labor 

$1,150 $0,909 $0,758 $0 400 $0,280 $0,185 

Overhead .... 

1.150 

.909 

.758 

.400 

.280 

.185 

Power _ 

.064 

.059 

.058 

.055 

.053 

.051 

Electrode. 

.150 

.135 

.127 

.127 

.127 

.127 

Cost of interruption (including overhead) 

.050 

.033 

.022 

.014 

008 

.005 


$2,564 $2,045 $1 723 $0,996 $0 748 $0,553 


Notes; 


K.W. at arc = 


Volta x Amps 
1000 


Consumption rate obtained by test or from procedure data. 

Deposition per hour = Consumption rate x Deposition Efficiency x Operating Factor. 

Efficiency obtained by test. (Also see Fg. 220.) 

Interruptions = number electrodes per pound. Based on 2" stub ends. See Page 216 for a 
discussion of the effect of stub ends on costs. 
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EFFECT OF STUB END LENGTH ON COSTS 


The control of stub end losses, which are part of the cost of elec* 
trode, is an effective means of cost reduction, easily accomplished. 

Its effectiveness is clearly indicated by a specific example. Compare 
the following tabulation to the costs given in the general table, which 
are for standard stub end losses (2-inch stub ends). 

Cost (in cents) Per Pound Deposited for 
Different Stub End Losses. 




^'xl4* 

Electrode 


Stub Ends 

1* 

4’ 

6" 

8' 

Labor 

.400 

.407 

.417 

.440 

Overhead 

.400 

.407 

.417 

.440 

Power 

.055 

.055 

.055 

.055 

Electrode 

(Includes Interruptions) 

.141 

.161 

.200 

.271 

Total 

$.996 

1.030 

1.089 

1.205 


For a J4" x 18" electrode the cost difference is considerable. 
Cost (in cents) per Pound Deposited 




yi" x 18’ 

Electrode 


Stub Ends 

2" 

4* 

6" 

8* 

Labor 

$ .387 

.391 

.401 

.406 

Overhead 

.387 

.391 

.401 

.406 

Power 

.055 

.055 

.055 

.055 

Electrode 

(Including Interruptions) 

.129 

.149 

.175 

.209 

Total 

.958 

.986 

1.032 

1.076 


As a summation and general statement, note that (1) labor cost per 
pound deposited increases with increased stub end losses due to greater 
number of interruptions and lower operating factor, and (2) pounds 
of electrode per pound of deposit increases due to the stub end waste. 
On the average, labor costs increase 1% — for each 2" above the 
standard 2" stub end loss. For 14" electrode the average requirements 
are; 


for 2" stub end loss 1.6 lbs. electrode per lb. deposited. 

kk **• kk ^ kk kk kk kk kk 

6" “ ** “ 2.4 “ “ “ “ 

“ kk tk J J “ kk kk kk kk 

for 18" electrode 

2" stub end loss 1.55 lbs. electrode per lb. deposited. 

kk kk kk J g kk kk kk kk kk 


6 " 

8 " 


2.09 

2.5 


The cost control indicated by these figures is obvious. 


I'liiitifuiuiiiifiiiiiiiiiiiiuitiitiitiiiiiiiiiiiiiiiiitiiiitiiiiiiiiiiiiuiiiiiiiiiitiiiiiiiiiiiiiiiiiiittiimiiiiiiifiiittl: 
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As an example of savings made by increasing electrode s ize, note 
that by using Y* in. size electrode instead of a % 6 in. size, cost per pound 
deposited is reduced 42%. Plotting of the savings in the above table 
gives a curve as shown in Fig. 311. 

Cost reduction is not the only benefit obtainable by using the largest 
size electrode practical. An improvement in quality of welding is often 
assured — especially where multiple passes are used. Distortion of the 
joint is less with the fewer number of passes required with larger elec- 
trodes. (See Page 97.) 

Performance — This electrode factor concerns the melting rate, deposi- 
tion efficiency and slag loss of various designs of electrodes without 
regard to electrode size. Since this factor affects the arc speed, it naturally 
affects the cost per foot of weld or per pound of deposited metal. 

In an actual test, two !4'in. electrodes of the same general character- 
istics were compared for performance economy with the following 
results: 


Size, in 

Amperes 

Volts 

Arc Kw 

Efficiency Generator, per cent 

Coating, per cent in 14 in 

Weight of Electrode, lb 

Weight, Stub Ends, lb 

Electrode used, lb 

Weight Plate — Deposit, lb. . . 

Weight Plate, lb 

Weight Deposit, lb 

Time, Min 

Loss, per cent 

Deposit lb. per hr. 


Electrode Electrode 

“A” “B" 


!4 !4 

340 340 

34 34 

11.56 11.56 

59.5 59.5 

22.2 20.1 

1.60 1.56 

.0.231 0.386 

1.369 1.174 

15.860 15.790 

14.915 14.940 

0.945 0.850 

7.867 5.916 

30.94 27.55 


(0.945 

(7.867 


X 60) = 7.22 


(0.850 

(5.916 


X 60) = 


8.62 


The welding metal deposited was comparable in yield point, tensile 
strength and in elongation. The values were as follows: 

Yield point 51,100 53,100 

Tensile 64,800 65,100 

Elongation 2" 19.9 23.1 

The full effect of this difference in deposit rates on cost is evident 
by calculating it on the basis of say 10,000 lbs. of metal deposited. The 
assumptions and results are: 
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Labor 

Power 

Electrode . . 

Operation factor 

Then time in hours to deposit: 

10,000 lb. = 


10,000 

7.22 X 0.50 

10,000 

8.62 X 0.50 


$1.00 per hour 
0.02 per kwhr 
0.085 per lb. 
50 per cent 


= 2770 


2320 


K.W.H. to deposit 1 lb. is: 

11.56 

0.595 X 7.22 


2.69 


11.56 

0.595 X 3.62 


2.25 


Add ten per cent to results to take into account the idling losses. 
Power for 10,000 lbs. = 29,600 KWH and 24,800 KWH 

Electrode required: 10,000 _ 

0906 “ 14j48 ° At>S * 


and 


10,000 

0.7245 


13,800 It*. 


Summation: Electrode '‘A’' Electrode “B” 

Hours to deposit 10,000 2,770 2,320 

Kwdir 29,600 24,800 

Electrode, lb 14,480 13,800 


COSTS 


Labor $2,770.00 $2,320.00 

Power 592.00 496.00 

Material 1,231.00 * 1,175.00 


$4,593.00 $3,991.00 

Saving with Electrode “A" $602.00 

~ $602.00 . ... . , , 

Or, “ iqqq'q ^ 6c per lb. deposited (m the weld) 

This saving is on the basis of per lb. of weld metal in the bead or 
deposit. 

Six cents per lb. deposited is about 4j4c per lb. purchased, which is 
a very considerable item — 50 per cent of the purchase price of electrode. 

Power. — The costs due to power depend on the generator — its effi- 
ciency and sis;e, and to some extent on the operating factor. 

/ The Generator — Modern vs. Obsolete Designs — The deposition of 
metal involves the 1 use of electric power, supplied by a welding gener- 
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ator which is usually driven by an electric motor. For purposes of this 
discussion, the motor driven type will be used. 

In selecting a welding generator, the most modem design available 
should be secured in order to minimise costs. Reference to Fig. 312, 
which is based on test results, will illustrate this point. This is further 
exemplified by the following detailed test results: 





jo> 

rs old _ 







6yrs 

Old 

Modern^ 







Compar 

nocessc 

son of K W 
iry io dep< 
nd of met* 
new mad 

Hr’s. 

3Slt 





*2 

ig 

al for 
iine« 










S /J2 Vi6 'A Vlt) 
Size of rod. inches 


*8 


Fig. 312. 



40 Volt Gen. 

25 Volt Gen. 

Length weld 896 inches 

(New) 

(Old) 

Actual welding time — Min. 

126.3 

177.6 

K.W.H. input per weld 

22 3 

24 8 

Inches of weld per electrode 

7.7 

6 6 


The cost reduction by the use of the modern 40 volt generator is 
obvious. 

Note the reduction in time of 177 to 126 minutes, and an improve" 
ment in deposition from 6.6 inches of joint per electrode to 7.7 inches. 



ARC AMPERES 

Fig. 313. 


Generator Size — It is evident that generators of different sizes have 
different efficiency curves and that these curves may cross. This is 
illustrated in Fig. 313. If the larger percentage of the shop work is 
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applications with amperage requirements to the^ right of K, then, the 
larger size machine (B) should be used because it is the most efncient. 

It is well to remember that large electrodes reduce costs, as previously 
shown, and require higher currents which result in higher generator 
efficiencies. 

Calculation of Efficiency — This is the governing item in the matter 
of power cost of depositing the metal. It is the efficiency of the welding 
generator at the various values of arc voltage and arc amperes. Usually 
efficiencies are given at different loads in amperes at 40 volts for 200 
ampere generators and larger, and at 30 volts for smaller generators. See 
the following table. 

Efficiency of Generator — Per Cent 


rating of Generator 


Operating 

Amperage 

i 

| 100 Amps. 

150 Amps. 

200 Amps. 

300 Amps. 

400 Amps. 

600 Amps. 

50 

50 

51 

55 




100 

52 

58 

60 

58 



150 

MM 

57 

60 

61 

61 

60 

200 

|| 

52 

59 

62 

62 

62 

300 



53 

61 

64 

65 

400 




56 

63 

66 

600 





58 | 

— __ 1 

65 

800 






60 


The efficiencies at arc voltage may be calculated approximately as 
follows: 


Arc Amperes 

200 

300 

! 400 

KW Output at 40 V (arc) 

Eff. 40 V % (See Table) 

8 

12 

16 

62 

64 

63 

KW Input 40 V (Output) 

12.9 

18.8 

25.4 

(Eff.) 

Arc Volts (Procedure) 

28 

32 

37 

Losses (Input — Output) 


6.8 

9.4 

Output at Arc Volts 


9.6 

14.8 

Input at Arc Volts 

10.5 

16.4 

24.2 


It is assumed that losses at the arc volts are equivalent to the losses 
at 40 volts. This is conservative. As the K.W. power input at the 
arc voltage is the desired quantity there is no need to calculate efficiency 
in per cent. 
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As an example of calculation of power costs, refer to the above 


table and calculate as follows: 

Amperes 

.. 200 

300 

400 

K.W. Input (arc volts) 

.. 10.5 

16.4 

24.2 

Lbs. Deposited (electrode) 

.. 3.8 

6.4 

9.8 

Lbs. Purchased 

5.7 

9.6 

14.7 

K.W.H. per Lb. Purchased 

.. 1.83 

1.71 

1.65 

Cost of Power @ 2^/K.W.H. (cents) . . . 

.. 21 

32.8 

48.4 

Cost of Electrode (@ 8J4$/Ib.) 

. . 48.5 

81.5 

124.8 


It is obvious that a welding generator, while welding, consumes 
power and produces welds, but a welding generator idling consumes 
power and produces no welds. It is therefore essential that the operating 
factor be kept high to minimise power costs. (See Page 210.) 

General Cost Curve — Figures for the cost of electrode, and power for 
arc amperes of 200, 300 and 400 have been given above. Corresponding 
costs for other arc amperes may be calculated readily. If electrode cost, 
power cost, and the sum of these two are plotted against arc amperes 
in the form of curves, the costs of electrode and power for any value 
of arc amperes are obtainable from the curve. See Fig. 314. If to the 
sum of electrode and power costs is added the labor item (the labor rate 
divided by the operating factor) , the total may be called the ‘'‘cost per 
hour.” This total divided by actual arc speed gives the cost per foot of 
bead. For multiple beads the cost per foot of weld is obtained by adding 
cost per foot for each component bead. 


Arc speeds, feet per hour 
15 20 30 40 50 



Position, type of joint, deposition efficiency — all these factors govern 
speed. Speed used is arc speed. Labor item is the hourly labor rate 
divided by the operating factor. If this item is divided by arc speed 
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the result is labor cost per foot. Electrodes and power are consumed 
during operation. Instead of dividing each item, electrode, power and 
labor, by the speed, and then adding these three, their sum is divided 
by speed and the result is cost per foot. 

For example, at 250 arc amperes with labor at $1.00 per hour and 
an operating factor of 50%, the labor item would be $1.00 divided 
by 50% or $2.00. For an arc speed of 20 ft. per hour the cost would 
be obtained by starting at 250 amperes, going to the labor item marked 
$2.00, horizontally to the arc speed curve “20 ft. per hour” and down 
to the cost per foot of 14.5^. This may be further simplified in indi- 
vidual specific cases as for example, assume that the power costs 2$ per 
K.W.H. and electrode costs Sj /i$ per lb., labor is $1.00 per hour and 
the operating factor is 66^%. The labor item is then $1.50. The 
tabulation is: 

Amperes 200 300 400 

Electrode + Power (cents) 69.5 114.3 173.2 

Labor Item 150 150 150 

Total Cost ($) 219.5 264.3 323.2 

This tabulation may be plotted as indicated in Fig. 315. 

The arc amperes are plotted and the cost of operation scale are 
plotted together in one scale. This cost of operation is divided by the 
speed giving the cost per foot. 

Another arrangement of these basic facts is the tabulations for specific 
joints, such as given on Pages 223 to 237. 



Fig. 315 
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Calculation of Welding Production Costs 
TYPE OF JOINT (See Page 156): Square Groove Butt Welds — 
Flat Position — Two Passes — With “Type A" Electrodes 
TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


Floor-to-floor 
Speed — Ft./Hr. 

35 

30 

25 

22.5 

20 

17.5 

15 ! 

12.5 

10 

7.5 

5 

TOTAL 
COST 
— Cents | 

for 

Various 

Plato 

% 

4.68 

5.15 

5.82 

.... . 

6.26 

6.82 

7.54 

8.49 

9.82 

11.82 

15.14 


K 

5.95 

6.42 

7.09 

7.53 

8.09 

8.81 

9.76 

11.09 

13.09 

16.41 


X 

— 

8.64 

9.31 

9.75 

10.31 

11.03 

11.98 

13.31 

15.31 

18.63 

25.31 

X 

— 

— 


— 

15.44 

16.16 

17.11 

18.44 

20.44 

23.76 

30.44 


DERIVED AS FOLLOWS: 

(A) DATA (From tables of procedures and speeds — Page 157): 


H* 

Plate 

Thickness 

2 

t) 

-a | 

u 

Size 

Electrode 

4 

3 8 , 

£4 

5 

4 ? 

CA 

Per Cent 
Efficiency 

At arc voltage 

-vj 

Arc 

Speed 

Ft. of bcad/hr. 

00 

Arc 

Speed 

Ft. of joint/hr. 

VO 

Electrode 

Consumed 

Lbs. /Ft. joint 


1-2 

X 

190 

30 

53.5 

94 

47 ! 

.16 

X 

1-2 


300 

34 

58 

90 

45 

.27 

X 

■■ 

% 

425 

38 

59 

75 

37.5 

.45 

X 

1-2 

X 

500 

40 

60 

50 

25 

.92 


(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


Plate 

Ol 

a 

PW 

10 

+ 

1* 

Bag 

11 

Q 

t + 

■S3 5 

12 

c'S 

5 8g 

P4 

Power Cost/Ft. 
of Bead 
(Col. 12 -t- Col. 7) 
and Per Ft. of Joint 

14 

•M 

a 

2 

u °s 

m 

15 

d 

+ o°3 

|§f£ 

lias 

& 

1-2 

5.7 

10.65 

21.3 

.238 

.456 

1.36 

1.82 

X 

1-2 

10.2 

17.6 

35.2 

.394 

.788 

2.3 

3.09 

X 

1-2 

16.15 

1 27.4 

54.8 

.74 

1.48 

3.83 

5.31 

X 

1-2 

20.0 

33.3 

66.6 

1.32 

2.64 

7.8 

10.44 


(C) CALCULATION OF LABOR COST (Cents): 


Floor-to-floor 

Speed — R/Ht. 

35 

30 

. 

25 

22.5 

20 

17.5 

15 ! 

12.5 

10 

7.5 

5 

Labor 

Cojtt/Ft. of Joint 

2.86 

3.33 

4.0 

4.44 

5.0 

5.72 

6.67 | 

8.0 

10 0 

13.32 

20.0 


Ne*t: See explanation on Page* 224-225. 
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Calculation of Welding Production Costs 


Explanation 


Example: Calculations for straight butt welds, flat position, two passes, with 
“Type A" electrodes: See Page 157. 

Total Production Cost — This table gives costs in cents for various floor-to 
floor speeds and plate thicknesses. 

Floor'to'floor speed — This term designates the rate of production 
including actual arc time, plus handling time, plus time out for chang- 
ing electrode, and so forth. In other words, it is the arc speed divided 
by the operating factor. This quantity varies for different shops. A wide 
range of speeds is given so as to fit the conditions of highly efficient 
shops as well as those with inefficient setups for welding. 


Total production cost is derived by calculating and adding: (1) Power cost. 
(2) Electrode cost. (3) Labor cost per foot of joint. Following is the procedure. 

(A) — DATA — The data for this particular type of joint are obtained from 
Page 157 and arranged in tabular form as shown with each column given a ref' 
erence number. Col. 6 (per cent efficiency) is obtained from the table on 
Page 220. 

Arc speed in feet of bead per hour (Col. 7) is not given in every case for the 
procedures and speeds of various joints. This has been derived for certain joints 
by interpolating from the arc speed in feet of joint per hour. It often varies for 
different passes even though the same size electrode is used depending upon 
whether or not weaving is employed. This arc speed for each bead affects the total 
power cost. 

(B) — CALCULATION OF POWER A HD ELECTRODE COSTS — 
These calculations are based on the data given in Table (A). Take for example 
calculation of costs for a %-inch plate. 


Arc Kilowatts — This item as shown in Col. 10 is derived by multi- 
plying the welding amperes (Col. 4) by the arc voltage (Col. 5) and 
dividing by 1000. In other words, 425 times 38 divided by 1000 equals 
16.15. 


Input Kilowatts — The power input of the welding machine is equal 
to the power output (arc kilowatts) divided by the welder efficiency at 
arc voltage. In other words, 16.15 divided by .59 equals 27.4 as shown 
in Col. 11. 
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Power Cost Per Hour — This item as shown in Col. 1 2 is the power 
input multiplied by the prevailing rate for KWH. In all of these calcula- 
tions the rate of 2# per KWH is assumed. For the example given, this 
cost would therefore be 27.4 times 2 equals 54.8# per hour. 

Power Cost Per Foot — This item in Col. 13 is derived by dividing 
the power cost per hour by the arc speed per hour. Inasmuch as this 
factor varies for different beads in the weld, it is calculated on the basis 
of cost per bead then totalled to get the cost per foot of weld. In order 
to save space in the printing of these tables the data for a series of beads 
where the various quantities are the same are not repeated but are 
included in one line designated for the entire series of passes. The total 
power cost per foot of joint is separated from the power costs of an 
individual pass of a series of passes by a line as shown in this example. 
Deriving the power cost for this particular plate thickness we have: 
54.8 divided by 75 equals .74# per foot of bead. Then the total power 
cost per foot of joint is .74 times 2 (passes) equals 1.48# per foot of 
joint. 

Electrode Cost Per Foot — This item in Col. 14 is derived by multi- 
plying the electrode pounds per foot by the prevailing cost of electrodes 
per pound. In these calculations it is assumed that the cost of electrodes 
is 8|/ 2 #, which is a conservative figure. However, this price varies with 
the shipping zone and the quantity purchased. For the example being 
discussed, the electrode cost is .45 times 8J/2 equals 3.83# per foot of 
joint. 

Power Plus Electrode Cost — The sum of the power and electrode 
cost for this particular joint would be 1.48 plus 3.83 equals 5.31# per 

foot of joint. 


(C) — CALCULATION OF LABOR COST — In these calculations the 
cost of labor is assumed to be $1.00 per hour (excluding overhead). Labor cost 
per foot of joint is derived by dividing the labor rate by the production (floor-to- 
floor) speed. In other words assuming a floor-to-floor speed of 20 feet per hour, 
the labor cost per foot would be $1.00 divided by 20 equals 5# per foot of joint. 

To change the information given in these tables when labor rate is other than 
$1.00 per hour, it is simply necessary to multiply the labor cost per foot given in 
the table by the prevailing rate in cents and divide this by 100. For example, if 
the rate is $1.25 per hour, the labor cost for %-inch plate at a floor-to-floor speed 
of 20 feet per hour would be: 5.0 times 125 divided by 100, equals 5.0 times 
1,25 equals 6.25# per foot of joint. 

Total Production Cost — As stated above, the total production cost is power 
cost plus electrode cost plus labor cost. In other words, for the J4'hach plate 
discussed, at a floor-to-floor speed of 20 feet per hour, the total cost is 5.3 1‘ 
(Col. 15) plus 5.0 equals 10.31# per foot of joint as shown in the table at the 
top of the page. 
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Calculation of Welding Production Costs 


TYPE OF JOINT (See Page 155): Butt Joints— Flat Position- 
Single V-Groove — No Backing — With "Type A” Electrode 

TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


Boor-to-tbor 

Speed — * Fc./Hr. J 

50 

25 

20 

13 

16 

14 

12 

10 

8 

6 

4 

2 

TOTAL 

nr 






U.3 

12.4 

14.1 

16.6 

20.7 

29.1 

54.1 

OOST 
— * Cent* 

H 








16.57 

19.07 

23.17 

31.57 

56.57 

for Various 
Pktes 

~K~~ 









23.99 

28.09 

36.49 

61.49 














DERIVED AS FOLLOWS: 


(A) DATA (From tables of procedures and speeds — Page 155): 


Plate 

Thickness 

2 

*5 

-1 

3 

Cl 

TJ 

S 

Sjjg 

ww 

Welding 

Amperes 

5 

1 

0\ 

Per Cent 
Efficiency 

At arc voltage 

vl 

Arc 

Speed 

Ft. of bead/hr. 

•» 

Arc 

Speed 

Ft. of Joint/hr. 

9 

J 

-n a j 

§k 

KSjs 

wug 

% 

i 

56 

130 

25 

50 

45 


11 

2 

% 

175 

28 

52.5 

25 


25 









.36 

H 

1 

56 

130 

25 



13 

.15 

2 

X 

225 

30 




.43 









58 

X 

aHQHH 



25 

50 

30 

9 

.16 

, • 'VH: 




54 5 

36 


.24 






55 

40 


36 






57 

38 


.35 


HI 







l.a 


(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


Plate 

Pass 

o 

Arc 

Kilowatts 

(Col. 4 X Col. 5 -f- 1000) 

11 

Co 

t 

8 + 

w 

PS 

K» 

Power 

Cost/Hr. 

(Col. 11 X 2c) 

04 

Power Cost/Ft. 
of Bead 

(Col. 12 -f- Col. 7) 
and Per Ft. of Joint 

14 

a'o 

£•» 

o ©X 

T» U 

las 

\~n 

Power + 

Electrode 

Cost/Ft. of Joint 
(Col. 13 + Col. 14) 

H 

1 

3.25 

6 5 

13 

.29 

3.96 

4.1 


2 

4.9 

9 35 

18 7 

75 








1.04 



H 

1 

3 25 

6.5 

13 

.40 

4 93 

6.57 


2 

6.75 

12.4 

24 8 

1.24 








1 64 



X 

1 

3 25 

6.5 

13 

.43 

8.6 

11.49 


2 

6 75 

12.4 

24.8 

•69 




3 

8.25 

15 

30 

.75 




4 

11.1 

19.4 

38.8 

1 02 








2 89 




(C) CALCULATION OF LABOR COST (Cents): 


Ploor-to-fioor 

Speed - Ft/Hr. 

30 

25 

20 

18 

16 

14 

12 

10 

B 

B 

B 

B 

Labor Cost/ 

Ft. of Joint 

3 33 

4 0 

5 0 

n 

6 25 

n 








Note: Se« explanation on Page* 224-225. 
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Calculation of Welding Production Costs 
TYPE OF JOINT (Sec Page 202): Butt Joints — Flat Position — “U" Groove — 
No Backing — With “Type C” Deep Groove Electrode 


TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


Floer-to-floor 

Speed — Ft/Hr. 

6 

5 i 

4 

3 

2 

1 

.5 

TOTAL 
COST 
— Cent* 

H 

37.32 

40.62 

45.62 

53.92 

70.62 

120.62 

220.62 

1 



56.57 

64.87 

81.57 

131.57 

231.57 

Plates | 

IK ! 



l 

78.95 

95.65 

145.65 

245.65 


DERIVED AS FOLLOWS: 

(A) DATA (From tables of procedures and speeds — Page 202): 


1 Plate 

Thickness 

2 

sl 

(2z 

3 

0 

£ 

O JJ 

£35 

Welding 

Amperes 

w 

Arc 

Voltage 

Os 

Per Cent 

Efficiency 

At arc voltage 

-4 

Arc 

Speed 

Ft. of bcad/hr. 

09 

Arc 

Speed 

Ft. of joint/hr. 

so 

Electrode 

Consumed 

Lbs /Ft. joint 


1 

2 

34 

5 

6 

1 

a 

220 

340 

340 

300 

340 

24 

29 

29 

29 

29 

52 

57 

57 

57 

57 

50 

45 | 

40 

40 

55 ! 

■ 

1 9 


I 1 

54 

220 

24 

52 

45 i 



i 

24 

A 

340 

29 

57 





7 

K 

300 

29 

57 



2 9 


S 

K 

340 

29 

57 





1 

54 

220 

24 

52 

45 



iK 

2-10 

& 

340 

29 

57 

38 




11 

K 

300 

29 

57 

38 

3 25 

4 2 


12 


340 

29 

57 

50 




(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


Plate 

Cm 

o 

Are 

Kilowatts 

(Col. 4 X Col. 5 -r 1000) 

Input 

Kilowatts 
(Col. 10 -i- Col. 6) 

C 

Power 

Cost/Hr. 

(Col. 11 X 2c) 

13 

Rs 

** cA 

s + « 

is 2 .£ 

|23l 

Cm Ow w 

Electrode 

Cost/Ft. of Joisit 
(Col. 9 X 8.5c) 

15 

▼ 

M 

+ U • + 

* i{ s • 


1 

5 28 

10.2 

20 4 

.41 




2 

9.84 

17 3 

34 6 

.77 



K 

34 

9.86 

17 3 

34 6 

.87 




5 

5.7 

15 2 

34.6 

.87 




6 

9.86 

17 3 

34 6 

.63 

16.2 

20 62 






4.42 



l 

1 

5.28 

10.2 

20.4 

.46 




24 

9.86 

17 3 

34.6 

.99 




7 

8 7 

15 2 

30.4 

.87 




8 

9.8< 

17.3 

34 6 

.69 

24 t 

31 57 






6.97 




1 

3.28 

10 2 

20.4 

.46 



i A 

1-10 

9.86 

17.3 

34.6 

.91 




11 

8.7 

15 2 

30.4 

.80 




12 

9.86 

17.3 

34.6 

■70 

35.6 

45.65 






10 05 




(C) CALCULATION OF LABOR COST (Cents): 


FWto-fioor Speed -fFt./Hr. 

6 

5 

4 

3 

2 

1 

.3 

LABOR. COST/FT. OF JOINT 

16.7 

20 

25 

33.3 

■ - -“I 

50 

100 

200 


Note: Sec explanation on Pages 224-225. 
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Calculation of Welding Production Costs 
TYPE OF JOINT (See Page 168): Butt Welds — No Backing — Horizontal Position — 
Plate Scarfed 20° Lower Angle, 45° Upper Angle — With “Type A" Electrode 
TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


Floor-to-floor 
Speed- Ft./Hr. 

20 

18 

16 

14 

12 

10 

8 

6 

4 

3 

2 

TOTAL 

% 

6.9 

7.4 

8.15 



9.1 

10.2 

11.9 

14.4 

18.5 

26.9 





COST 

—Cents 

yi 




9.9 


12.7 

15.2 

19.3 

27.7 

36.0 







for 

Various 

Plates 

H 







16.95 

21.05 

29.45 

37.78 

54.45 








X 









35.26 

43.6 



mmmm 



i— 1 

— 1 

■■■■ 


■■■■■ 


DERIVED AS FOLLOWS: 

(A) DATA (From tables of procedures and speeds — Page 169): 


Plate 

Thickness 

N> 

Pass 

Number 

w 

Size 

Electrode 

4s. 

Welding 

Amperes 

v. 

Arc 

Voltage 

o\ 

Per Cent 
Efficiency 

At arc voltage 

Arc 

Speed 

Ft. of bead/hr. 

oo 

Arc 

Speed 

Ft. of joint/hr. 

Electrode 
Consumed 
Lbs./Ft. joint 

Hi 

1-2 


130 

mm 


48 

24 

.16 

X 

1-2 ! 

B 

130 

n 


35 

! 17.5 

.23 

H 

1-3 

% 

130 

25 

50 

31.5 

10.5 

.38 

X 

1-8 

% 

130 

25 

50 

35.2 

4.4 

.86 


(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


Plate | 

Pass 

i-* 

o 

Arc 

Kilowatts 

(Col. 4 X Col. 5 -v 1000) 

»-* 

Input 

Kilowatts 
(Col. 10 Col. 6) 

C 

Power 

Cost/Hr. 

(Col. 11 X 2c) 

Power Cost/Ft. G 
of Bead 
(Cot. 12 4- Col. 7) 
and Per Ft. of Joint 

(— * 
a*. 

Electrode 

Cost/Ft. of Joint 
(Col. 9 X 8.5c) 

»-* 

KJ* 

Power -f- 
Elcctrode 

Cost/Ft. of Joint 
(Col. 13 + Coi. 14) 

% 

1-2 

3.25 

6.50 

13 

.27 

.54 ' 

1.36 

1 90 

X 

1-2 


6,50 

13 

.37 

.74 

1.95 

2.69 

H 

1-3 

3.25 

6.50 

13 

.41 ! 

1.23 

3.22 

4.45 

X 

1-8 

3.25 

6.50 

13 

.37 

2.96 

7.30 

10.26 


(C) CALCULATION OF LABOR COST (Cents): 


Floor-to-floor 

Speed — Ft./Hr. 

20 

18 

16 

14 

12 ; 

10 

8 

6 

4 

3 

2 

Labor 

Cott/Ft. op Joint 

5.0 

5.5 

6.25 

7.2 

8.3 | 

10.0 

12.5 

16.6 

25.0 

33.3 

50 


Note: See explanation on Page* 224-225. 
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Calculation of Welding Production Costs 
TYPE OF JOINT (See Page 166): Butt Joints — Vertical Position — Welding 
Upward — With “Type A" Electrode 
TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


F!oor-to-floor 
Speed — Fi./Hr 

20 

18 

16 

14 

12 

10 

8 

6 

4 

3 

2 

1 

TOTAL 

% 



8.07 

9.02 

10.12 

11.82 

14.32 

18.42 

26.82 

35.12 







COST 

—Cents 

K 





11.08 

12.78 

15.28 

19.38 

27.78 

36.08 I 

52.78 







for 

H 







17.68 

21.78 

30.18 

38.48 j 

55.18 


Various 








Places 

K 









32.74 

41.04 

57.74 

107.74 











DERIVED AS FOLLOWS: 


(A) DATA (From tables of procedures and speeds — Page 166): 


<u 

si 

sg 

2 

8 

UJ 

Size 

Electrode 

Welding 

Amperes 

Arc 

Voltage 

Per Cent 
Efficiency 

At arc voltage 

v| 

Arc 

Speed 

Ft. of bead/hr. 

00 

Arc 

Speed 

Ft. of joint/hr. 

VO 

Electrode 
Consumed 
Lbs./Ft. joint 

% 

i 

■ 


25 



20 

.15 

l A 

i 

■ 


25 



15 

.24 

H 

i 

% 

130 

25 

50 

20 

9.75 

.44 


2 

% 

130 

25 


19 



y» 

1 

%, 

130 

25 

50 

11 

5.25 

72 


2 

% 

130 

25 


10 




(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


K 

Pass 

o 

Arc 

Kilowatts 

(Col. 4 X Col. 5 ~ 1000) 

Input 

Kilowatts 
(Col. 10 -T- Col. 6) 

Power 

Cosr/Hr. 

(Col. 11 X 2c) 

Vj* 

Power Cost/Ft. 
of Bead 

(Col. 12 -f- Col. 7) 
and Per Ft. of Joint 

Electrode 

Cost/Ft. of Joint 
(Col. 9 X 8.5c) 

v/» 

Power -f- 
Electrode 

Cost/Ft. of Joint 
(Col. 13 + Col. 14) 

% 

1 

2.75 

■ESI 

11 

.55 

1.27 

1.82 

H 

1 

2 75 

5.5 

11 

.74 

2 04 

2 78 

H 

1 

3 25 

6 50 

13 

65 

3 75 

5 18 


2 

3 25 

6 50 

13 

68 








1 33 



H 

1 

3 25 

6.50 

13 

1.19 

6.12 

7.74 


2 

3 25 

6 50 

13 

1 3 








2 49 




(C) CALCULATION OF LABOR COST (Cents): 



IB 

18 

16 

14 

12 

10 

8 

6 

4 

3 

2 

Labor Cost/ 

Ft. of Joint 

50 

5.5 

6.25 

7 2 

8 3 

10. 

12 5 

16 6 

25. 

33.3 

50 


Note: Sc? explanation on Page* 224-225. 
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Calculation of Welding Production Costs 

TYPE OF JOINT (See Page 165): Butt Joints — Vertical Position — Welding 
Downward — With “Type A“ Electrode 
TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


Floor-to-floor 

Speed — Ft./Hr. 

20 

18 

16 

14 

12 

10 

8 

6 

4 j 

3 

2 

TOTAL 

% 

7.03 

7.53 

8.28 j 

9.23 

10.3 

12.03 

14.53 

18.63 

27.03 


= 







—Cents 

X 




10.48 

11.58 

13.28 

15.78 

19.88 

28.28 

36.58 








H 







17.69 

21.79 

30.19 

38.49 

55.19 

Various 

Plates 








X 

— 

! 


— 



— 

24.87 

33.27 

41.57 

58.27 


DERIVED AS FOLLOWS: 


(A) DATA (From tables of procedures and speeds — Page 165): 


Plate 

Thickness 

i 

«e 

wo 

Size 

Electrode 

Welding 

Amperes 

c/> 

Arc 

Voltage 

Per Cent 

Efficiency 

At arc voltage 

Arc 

Speed 

Ft. of bcad/hr. 

Arc 

Speed 

Ft. of jomt/hr. 

SO 

Electrode 

Consumed 

Lbs./Ft. joint 

% 

1 

H 

110 

25 

50 

55 




1 

% 

150 

25 

50 

45 

25 

18 

Y 

1 

X 

110 

25 

50 

40 




2 


150 

25 

50 

30 

17 5 

29 


1 

% 

150 

25 

50 

28 



H 

2 

h 

150 

25 

50 

33 

11 

44 


3 

% 

150 

25 

50 

38 




1 


150 

25 

50 

28 



H 

2 

& 

150 

25 

50 

33 

7 

.72 


3-5 

% 

150 

25 

50 

38 




(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


Plate 

Pass 

o 

Arc 

Kilowatts 

(Col. 4 X Col. 5 -5- 1000) 

Input 

Kilowatts 
(Col. 10 Col. 6) 

K» 

Power 

Cost/Hr. 

(Col. 11 X 2c) 

w 

Power Cost/Ft. 
of Bead 

(Col. 12 -t- Col. 7) 
and Per Ft. of Joint 

Electrode 

Cost/Ft. of Joint 
(Col. 9 X 8.5c) 

C 

Power -f- 
Electrode 

Cost/Ft. of Joint 
(Col. 13 + Col. 14) 

X 

1 

2 

2 75 

3 75 

5.5 

7 5 

11 0 

15 0 

.2 

33 

.53 

1 5 

2 03 

X 

1 

2 75 

5.5 

11.0 

28 




2 

3 75 

75 

15 0 

50 

2.5 

3 28 






78 




1 

3 75 

75 

15 0 

54 



H 

2 

3 75 

7.5 

15 0 

.46 

3 8 

5.19 


3 

3 75 

7.5 

15 0 

.39 








1 39 




1 

3.75 

7.5 

15 0 

.54 



K 

2 

3 75 

7.5 

15 0 

.46 

6.1 

8.27 


3-5 

3.75 

7.5 

15 0 

.39 








2,17 




(C) CALCULATION OF LABOR COST (Cents): 


Floor-to-floor 

Speed — Ft./Hr. 

20 

18 1 

16 | 

14 

12 

10 

8 

6 i 

4 

3 

2 

Labor Cost/ 

Pr„ of Joint 

50 

5 5 

6 25 

7.2 

8.3 

10 

12 5 

16 6 

25. 

33.3 

50 


Note. See explanation on Pages 224-225. 
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Calculation of Welding Production Costs 
TYPE OF JOINT (See Page 167): Butt Welds — Overhead Position — With 
“Type A" Electrodes 

TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


Floor-to-floor 

Speed — Ft./Hr. 

li 

10 ' 

9 

8 

7 

6 

5 

4 

3 

2 

1.0 

A 

TOTAL 

COST 

—Cents 

for 

Various 

Plates 

% 

12.95 

13.85 

14.95 

16.35 

18.05 

20.55 

23.85 

28.85 

36.85 

53-85 

103.85 

203.85 

X 





19.55 

22.05 

25.35 

30.35 

38.35 

53.35 

105.35 

205.35 





% 







29.2 

34.21 

42.21 

59.21 

109.21 

209.21 

X 

1 






— 


46.29 

63.29 

113.29 

213.29 










DERIVED AS FOLLOWS: 

(A) DATA (From tables of procedures and speeds — Page 167): 


Plate 

Thickness 

K> 

Pass 

Number 

Size 

Electrode 

Welding 

Amperes 

Arc 

Voltage 

0 \ 

Per Cent 
Efficiency 

At arc voltage 

Arc 

Speed 

Ft. of bead/hr. 

OO 

Arc 

Speed 

Ft. of joint/hr. 

VD 

Electrode 
Consumed 
Lbs./Fc. joint 


1 

X 

110 

25 

50 

30 



% 

2 

% 

150 

25 

50 

26 

14 

.33 


1 

X 

110 

25 

50 

30 



% 

2 

% 

150 

25 

50 

26 

9 

.45 


3 

% 

150 

25 

50 

25 




1 

X 

110 

25 

50 

28 




2 

% 

130 

25 

50 

25 



H 

3 

% 

150 

25 | 

50 

23 

6 

.70 


4 

% 

150 

25 1 

50 

20 




1 

X 

110 

25 

50 

28 



% 

2-3 

% 

130 

25 

50 

28 

4 

1.15 


4-7 

% 

150 

25 

50 

28 




(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 



Note: See explanation on Page* 224-225. 
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Calculation of Welding Production Costs 
TYPE OF JOINT (See Page 171): Fillet Welds — Flat Position — With “Type A” Electrodes 
TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


Floor-to-floor 
Speed— Ft./Hr. 

35 

30 

25 

20 

15 

10 

8 

6 

4 

2 

TOTAL 
COST 
— Cents 

for 

Various 

Plates 


4.65 

5.12 

5.79 

6.79 

8.45 

11.79 

14.29 

18.39 

26.79 

51.79 

H 

— 

— 

6.31 

7.31 

8.97 

12.31 

14.81 

18.91 

27.31 

52.31 

H 

: 



— - 

10.86 

14.2 

16.7 

20.8 

29.2 

54.2 

% 






1 

20.58 

24.68 

33.08 

58.08 








DERIVED AS FOLLOWS: 

(A) DATA (From tables of procedures and speeds — Page 171): 


Plate 

Thickness 

to 

Pass 

Number 

3 

o i 

't? 

0 

<j o 

nJJ 
to W 

Welding 

Amperes 

Arc 

Voltage 

Ov 

Per Cent 

Efficiency 

At arc voltage 

Arc 

Speed 

Ft. of bead/hr. 

oo 

Arc 

Speed 

Ft. of joint/hr. 

Electrode 

Consumed 

Lbs. /Ft. joint 

H, 

1 

• X 

190 

30 

53.5 

45 

45 

.155 

X 

1 

X 

190 i 

30 

53.5 

35 

35 

.20 

H 

1 

X 

190 

30 

53 5 

20 

20 

.37 

X 

1-3 

X 

190 

30 

53.5 

30 

10 

.70 


(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


Plate 

Pass 

10 f 

+ 

*r\ 

h 

i3a 

t— * 

Input 

Kilowatts 

CCol. 10 Col. 6) 

to 

Power 

Cost/Hr. 

(Col. 11 X 2c) 

Power Cost/Ft. 
of Bead 
(Col. 12 X- Col. 7) 
and Per Ft. of Joint 

Electrode 

Cost/Ft. of Joint 

CCol. 9 X 8.5c) 

Power -f- 
Elcctrode 

Cost/Ft. of Joint 

CCol. 13 + Col. 14) 


1 

5.7 

10.65 

21.3 

.473 

1.32 

1.79 

X 

1 

5.7 

10.65 

21.3 

.61 

1.7 

2.31 

H 

1 

5.7 

10.65 

21.3 

1.06 

3.14 

4.20 

X 

1-3 

5.7 

10.65 

21.3 

.71 

2.13 

5.95 

8.08 


(C) CALCULATION OF LABOR COST (Cents): 


Floor-to-floor 

Speed — Ft./Hr. 

35 

30 

25 

20 

15 

10 

8 

6 

4 

2 

Laboh Cost/Ft. of Joint 

2.86 

3 33 

4.0 

5.0 ! 

6.66 

10.0 

12.5 

16.6 

25.0 

50.0 


Note: Se$ explanation on Page# 224-225. 
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Calculation of Welding Production Costs 
TYPE OF JOINT (See Fig. 281): Fillet Welds — Flat, Tilted Position — With 
“Type (T Fillet Electrode 

TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


Floor-co-floor 

Speed — Ft /Hr. 

40 

30 

25 

20 

15 

12.5 

n 

n 

H 

H 

5 

4 

3 

2 

TOTAL 

COST 

—Cents 

for 

Various 

Plates 

54 

4.26 

5.09 

5.76 

6.76 

8.43 

9.76 

11.76 

14.26 













Ya 

5.23 

6.06 

6.73 

7.73 

9.40 

10.73 

12.73 

15.23 







H 

l A 

Va 

i 

6.82 

7.65 

8.32 

9.32 

10.99 

12.32 

14.32 

16.82 

18.62 

21.02 






— 

10.08 

11.08 

12.75 

14.08 

16.08 

18.58 

20.38 

22.78 

26.08 












22.61 

24.61 

27.11 

28.91 

31.31 

34.61 

39.61 

47.91 















32.81 

39.11 

41.51 

44.81 

49.81 

58.11 

00 









DERIVED AS FOLLOWS: 

(A) DATA (From tables of procedures and speeds — Page 200): 


1 

d 

*J3 

OmH 

K> 

Pass 

Number 

W 

Size 

Electrode 

Welding 

Amperes 

5 

bQ 

rt 

at 

6 

& 

« 5>o 
g a ► 

ism ™ 
euw< 

Arc 

Speed 

Ft. of bead/hr. 

oo 

Arc 

Speed 

Ft. of joint/hr. 

VD 

Electrode 

Consumed 

Lbs./Ft. joint 

■ 

1 

54 

250 

21 

50 

53 

53 

.16 

■ 

1 

Ya 

350 

24 

52 

53 

53 

.25 

pinl 

1 

54 

500 

26 

54 

48 

48 

.39 


1 

54 

500 

26 

54 

34 

34 

.55 


1 

54 

500 

26 

54 

34 




2 

U 

600 

23 

56 

30 

16 

1.32 


1 

54 

500 

26 

54 

34 



l 

2 

H 

600 

28 

56 

30 

10 

2 25 


3 

H 

600 

28 

56 

26 




(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


Plate 

Pass 

10 | 

+ 
i A 

3 

Sx 

S'! 

fd 

Input 

Kilowatts 
(Col. 10 -4- Col. 6) 

K 

Power 

Cost/Hr. 

CCol. 11 X 2c) 

Power Cost/Ft. 
of Bead 

CCol. 12 -b Col. 7) 
and Per Ft. of Joint 

Electrode 

Cast/Ft. of Joint 

CCol. 9 X 8.5c) 

VA 

Power -f- 
Elcctrode 

Cost/Ft. of Joint 

CCol. 13 + Col. 14) 

54 

1 

5 25 

10 5 

21 

.40 

1.36 

1.76 

Ya 

1 

8.4 . 

16 2 

32 4 

61 


2.73 

H 

1 

13.0 

24 

48 

1 00 


4.32 

Y 

1 

13.0 

24 

48 

1 41 

4.67 

6 08 


1 

13.0 

24 

48 

1,41 


14.61 

Ya 

2 

16 8 

30 

60 

2 00 

11 2 







3.41 




1 

13 

24 

48 

1.41 



1 

2 

16 8 

30 


2.00 

19.1 

24 81 


3 

16.8 

30 

60 

2.30 








5 71 




(C) CALCULATION OF LABOR COST (Cents): 


Floor-to-floor 
Speed - Ft./Hr. 

40 | 

30 

25 

20 

15 

12.5 

10 

■ 

■ 

H 

5 

4 

a 

■ 

Labor Cost/ 
Ft. of Joint 

2.5 

3.33 

4.0 

■ 

H 

■ 

10 

12.5 

14.3 

16.7 

20 

25 




Note: See explanation on Pages 224-225. 
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Calculation of Welding Production Costs 
TYPE OF JOINT (See Page 173): Lap Joints — Flat Position — With “Type A" Electrode 
TOTAL PRODUCTION COST PER FOOT OF TOINT (Cents): 


Floor-to-floor 
Speed — Ft. /Hr. 

so 

70 

60 

50 

40 

30 

25 

20 

15 

10 

7.5 



2.35 

2.53 

2.77 

3. 

3.6 

4.43 

5.1 

6.1 

7.77 

— 


TOTAL 

COST 

% 

— 

2.80 

3.04 

3.37 

3.87 

4.70 

5.37 

6.37 

8.04 



— Cents 

Y 




3.56 

4.06 

4.89 

5.56 

6.56 

8.23 

11.56 

14.86 

for 

Vkiobi 

% 





4.67 

5.50 

6.17 

7.17 

8.84 

12.17 

15.47 

Plates 














H 






6.01 ! 

6.68 

7.68 

9.35 

12.68 

15.98 


DERIVED AS FOLLOWS: 

(A) DATA (From tables of procedures and speeds — Page 173): 


V-* 

Plate 

Thickness 

N> 

Pass 

Number 

OJ 

Size 

Electrode 

4=. 

Welding 

Amperes 

Arc 

Voltage 

Ch 

Per Cent 

Efficiency 

At arc voltage 

-4 

Arc 

Speed 

Ft. of bead/hr. 

oo 

Arc 

Speed 

Ft. of joint/ hr. 

<o 

Electrode 

Consumed 

Lbs./Ft. joint 

Y 

1 

X 

250 

30 

55 

100 

100 

.097 

% 

1 

Y 

275 

30 

55 

90 

90 

.120 

Y 

1 

Y 

250 

30 

55 

70 

70 

.138 


1 

Y 

250 

30 

55 

50 

50 

.19 

H 

1 

Y 

250 

30 

55 

40 

40 

.237 


(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


Plate 

Pass 

Arc ° 

Kilowatts 

(Col. 4 x Col. 5 -5* 1000) 

Input 

Kilowatts 
(Col. 10 4- Col. 6) 

i— ■ 

Power 

Cost/Hr. 

(Col 11 X 2c) 

Power Cost/Ft. 
of Bead 

(Col. 12 4- Col. 7) 

and Per Ft. of Joint 

I— a 

Electrode 

Cost/Ft. of Joint 
(Col 9X8 5c) 

1— a 
W* 

Power + 

Electrode 

Cost/Ft. of Joint 
(Col. 13 + Col. 14) 

Y 

1 

7.5 

13.6 

27.2 

.272 

.83 

1.102 

Ks 

1 

8.25 

15 

30 

.333 

1.04 

1.373 

X 

1 

7.5 

13.7 

27.4 

.390 

1.17 

1.56 

S A 

1 

7.5 

13-7 

27.4 

.548 

1.62 

2.168 

H 

1 

7.5 

13.7 

27 4 

.685 

2.00 

2.685 


(C) CALCULATION OF LABOR COST (Cents): 


Floor-to-floor 

Speed — Ft./Hr. 

80 

70 

60 

50 

40 

30 

25 

20 

15 

10 

7.5 

Labor 

Cost/Ft. of Joint 

1.25 

! 1.43 

1 67 

2 0 

2.5 

3.33 

4 0 

5.0 

6.67 

10 

13.3 


Note: See explanation on Pagei 22 * 4-225 
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Calculation of Welding Production Costs 
TYPE OF JOINT (See Page 175): Lap Joints — Vertical Position — Welding 
Upward — With Type “A” Electrode 
TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


Floor-to-floor 
Speed — Ft./Hr . 

15 

12 

10 

8 

6 

5 

4 

3 

2 

1 

.5 

TOTAL 

COST 

—Cent* 

For 

Various 

Plate* 

% 

8.62 

10.30 

11.96 

14.46 

18.66 

21.96 

26.96 

35.26 







X 

9.33 

11.01 

12.67 

15.17 

19.37 

22.67 

27.67 

35.97 







n 





21.67 

24.97 

29.97 

38.27 

54.97 









X 






28.7 

33.7 

42 

58.7 

108.7 








X 






28.4 

33.4 

41.7 

58.4 

108.4 








X 









66.9 

116.9 

216.9 









l 










130.9 

230.9 











DERIVED AS FOLLOWS: 

(A) DATA (From tables of procedures and speeds — Page 176): 


Plate 

Thickness 

K> 

Pass 

Number 

Size 

Electrode 

Welding 

Amperes 

1 VA 

Arc 

Voltage 

Per Cent 
Efficiency 

At arc voltage 

7 1 
* 

VS* 

% 

8 i 

G 

si 

VO 

Electrode 

Consumed 

Lbs. /Ft. joint 

% 

SB 

X 

110 

25 

50 

18 

18 

.16 

k 

HR 

% 

130 

25 

50 

18 

18 

.23 

X 

i 

% 

130 

25 

50 

9 5 

■ 

.42 

A 

1-2 

Xt 

130 

1 25 

50 

10 

5 

72 

X 

1-2 

m 

150 

25 

50 

13 

6.5 

.72 

X 

1-3 


150 

25 

50 

9.75 

3 25 

1 4S 

l 

1-4 


150 

25 

50 

6 8 

1.7 

2 60 


(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


Plate 

Pass 

o 

Arc 

Kilowatts 

(Col. 4 X Col. 5 -f- 1000) 

Input 

Kilowatts 
(Col. 10 X Col. 6) 

K» 

Power 

Cost/Hr. 

(Col. 11 X 2c) 

Power Cost/Ft. 
of Bead 

(Col. 12 — Col. 7) 
and Per Ft. of Joint 

Electrode 

Cost/Ft. of Joint 
(Col. 9 X 8.5c) 

V/i 

Power -f- 
Electrode 

Cost/Ft. of Joint 
(Col. 13 + Col. 14) 

% 

1 

2 75 

5 5 

11 

.61 

1.35 

1.96 

X 

1 

3.25 

6.5 

13 

.72 

1.95 

2.67 

X 

1 

325 

6.5 

I 13 

1.37 

3.6 

497 

x 

1-2 

3.25 

6.5 

13 

1.3 

6 1 

8.7 






2 6 



X 

1-2 

3.75 

7.5 

15 

1.15 

6.1 

8 4 






2.3 



X 

1-3 

3.75 

7.5 

15 

1.53 

12.3 

16 9 






4.6 



1 

1-4 

3.75 

7.5 

15 

2 22 

22.0 

309 






8 9 




(C) CALCULATION OF LABOR COST (Cents): 


Floor-to-floor 

Speed — Ft./Hr. 

15 

12 

10 

8 

6 

5 

4 

3 

2 

1 

5 

Labor Cost/ 
Ft. op Joint 

€.66 

8 34 

10 

12.5 

16.7 

20 

25 

33 3 

50 

100 

200 


Note: See explanation on Page* 224-2''* 
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Calculation of Welding Production Costs 
TYPE OF JOINT (See Page 175): Lap Joints — Vertical Position — Welding 
Downward — With "Type A" Electrode 
TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


Floor-to-Soor 
Speed - Fc./Hr. 

30 

\ 25 

20 

15 

10 

H 

■ 

■ 

3 

2 

1 

.5 

TOTAL 

COST 

—Cents 

for 

Various 

Plates 

% 

4.86 

5.53 

<5.53 

8.19 

11.53 

14.03 

18.23 

26.53 









X 




9.55 

12.89 

15.39 

19-59 

27.89 

36.19 

52.89 








X 





14.65 

17.15 

21.36 

29.65 

37.95 

54.95 









x 








33.4 

41.7 

58.4 

108.4 










X 











50.7 

67.4 

117.4 

217.4 

i 







— 




132.22 

232.22 


DERIVED AS FOLLOWS: 

(A) DATA (From tables of procedures and speeds — Page 177): 


Plate 

Thickness 

N> 

Pass 

Number 

Size 

Electrode 

Welding 

Amperes 

Arc 

Voltage 

o. 

Per Cent 
Efficiency 

At arc voltage 

V| 

Arc 

Speed 

Ft. of bead/hr 

OO 

Arc 

Speed 

Ft. of joint/hr. 

\o 

Electrode 

Consumed 

Lbs ./Ft. joint 


1 

% 

150 

25 

50 

35 

35 

.12 


1-2 

% 

150 

25 

50 ! 

38 

19 

25 


1-3 

% 

150 

25 

5° 

36 

12 

.40 

poB 

1*5 

% 

150 

25 

50 

32.5 

6.5 

.72 

■ 

1-9 

% 

150 

25 

50 

29.25 

3 25 

1.5 

i 

1-14 

% 

150 

25 

50 * 

23.8 

1 7 

2.75 


(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


Plate 

Pass 

o 

Arc 

Kilowatts 

(Col. 4 X Col. 5 -r- 1000) 

1 

Input 

Kilowatts 
(Col. 10 — Co!. 6) 

C 

Power 

Cost/Hr. 

(Col. 11 X 2c) 

Power Cost/Ft. 
of Bead 

(Col. 12 — Col. 7) 
and Per Ft. of Joint 

Electrode 

Cost/Ft. of Joint 
(Coi. 9 X 8.5c) 

Lrt 

Power + 

Electrode 

Cost/Ft. of Joint 
(Col. 13 -f- Col. 14) 

% 

1 

3.75 

7.5 

15 

.43 

1.1 j 

1.53 

X 

1-2 

3.75 

7 5 

15 

.395 

.79 

2.1 

2.89 

X 

1-3 


75 

15 

416 

1 25 

3.4 

4.65 

% 

1*5 

3 75 

7 5 

15 

.46 

2 3 

6.1 

8.4 

X 

1-9 

3.75 

7 5 

15 

51 

4 6 

12.8 

17.4 

l 

1-14 

3.75 

7.5 

15 

.63 

8 82 

23.4 

32.22 


(C) CALCULATION OF LABOR COST (Cents): 


Floor-to-floor 

Speed — Ft./Hr. 

30 

25 

20 

15 

10 

8 

6 

4 

3 

2 

1 

.5 

Labor Cost/ 

Ft. of Joint 

3.33 

4.0 

5.0 

6 66 

10 

12.5 

16.7 

25 

33.3 

50 

100 

200 


Note: See explanation on Pages 224-225. 
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Calculation of Welding Production Costs 

TYPE OF JOINT (See Page 176): Lap Joints — Overhead Position — With 
“Type A" Electrode 

TOTAL PRODUCTION COST PER FOOT OF JOINT (Cents): 


Floor-to-floor 
Speed — Ft./Hr. 

30 

25 

20 

15 

12 

10 

8 

6 

4 

3 

2 

TOTAL 
COST 
— Cents 
for 

Various 

Plates 

% 

4.78 

5.45 

6.45 

8.11 

9.78 


13.95 

18.15 

26.45 



K 





11.43 


15.6 

19.8 

28.1 

36.4 

53.1 





H 







18.7 

22.9 

31.2 

39.5 

56.2 







K 









33.7 

42.0 

58.7 










DERIVED AS FOLLOWS: 

(A) DATA (From tables of procedures and speeds — Page 176): 


Plate 

Thickness 

M 

Pass 

Number 

Size 

Electrode 

Welding 

Amperes 

w 

Arc 

Voltage 

Ov 

Per Cent 
Efficiency 

At arc voltage 

-J 

Arc 

Speed 

Ft. of bead/hr. 

oo 

Arc 

Speed 

Ft. of joint/hr. 

Electrode 
Consumed 
Lbs./Ft. joint 

% 

| 1 

1 % 

150 

1 25 

50 

35 


.12 


tmmm 


150 


50 

30 

s s 


K 



no 

SH 

50 

30 


26 




150 

SB 

50 

20 

SB 


H 



no 


50 

18 

■ 


A 

1 1-5 

% 

150 

| 25 

50 

32.5 




(B) CALCULATION OF POWER AND ELECTRODE COSTS (Cents): 


H 

s 

Pass 

o 

Arc 

Kilowatts 

(Col. 4 X Col. 5 -t- 1000) 

Input 

Kilowatts 
(Col. 10 -j- Col. 6) 

Power 

Cost/Hr. 

(Col. 11 X 2c) 

Power Cost/Ft. 
of Bead 

(Col. 12 -f- Col. 7) 
and Per Ft. of Joint 

14 

.a 

O *0 

o°.x 

Oft* 

111 

& 

Power + 

Electrode 

Cost/Ft. of Joint 
(Col. 13 -b Col. 14) 

% 

1 

3.75 

7 5 

15 

.43 

1.02 

1.45 


1 

3 75 

7.5 

15 

.52 



A 

2 

2.75 

5.5 

11 

.38 

2.2 

3.1 






.90 




1-3 

3 75 

7.5 

15 




H 

4 

2.75 

5.5 

11 



6.2 






Bra 



A 

1-5 

3.75 

7.5 

15 

.46 

6.4 

8.7 






2.3 




(C) CALCULATION OF LABOR COST (Cents): 


Floor-to-floor 

Speed -Ft./Hr. 

30 

25 ! 

20 

15 

12 

10 

8 


4 

3 

2 

Labor Cost/ 
Ft. of Joint 

3.33 

n 

H 

6.66 

8.33 

10 

12 5 

16.7 

25 

33.3 

50 


Note: See explanation on Page* 224*225. 
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Finishing or Final Treatment — Finishing treatment includes such 
items as name plate, painting, sand blasting, stress relieving and heat 
treating. These not only enter into the total cost of the product as 
items of cost, but have an effect on the welding costs. 

The name plate must be easily placed. Painting involves accessibility 
to surfaces to be painted, and this accessibility may be a matter of prepa- 
ration. The same may be said of sand blasting in reference to preparation. 

Stress relieving and/or heat treatment may mean special consideration 
in preparation and welding so as to avoid collapse or deformation when 
the metal is soft and provide support for escape of gases. Complete 
enclosure of parts should be avoided, otherwise the expansion of the air 
causes deformations. All of these must be given careful thought and 
their interrelation thoroughly studied. 

This final treatment or finishing process may be related to prepara- 
tion, the method of handling of joints or sub-assemblies, and these in 
turn effect the cost of welding. 

Conclusions for Cost Reduction — Based on the foregoing and on the 
suggestions on Machine Design (Page 379) — 

1. Changeover one part of a product at a time. See Page 406. 

2. Design to meet functional requirements. Keep an open mind. See 
Page 379. 

3. Don’t try to duplicate in welded design the appearance of the con- 
ventional design. Proper design assures proper appearance. See 
Page 379. 

4. Capitalize on the engineering freedom of welded design. Use com- 
binations of various shapes and analyses of steels for minimum costs. 

5. Select carefully the type of joint in light of available shop equipment. 
Scarfing costs are often more than offset by savings in welding costs. 

6. Bending or forming generally is more economical than welding. 

7. Proper fit-up of joints pays dividends by minimizing welding oosts. 

8. Sub-assembly costs can be reduced by proper design to minimize the 
amount of scarfing, fit-up and welding. 

9. It pays to watch the size of members used as this affects not only 
material costs but welding costs. 

10. Use of jigs and fixtures improves the operating factor for lower unit 
production costs. 

11. Work positioners often increase welding speed for reduced labor ooat, 

12. Use the largest size electrode that is practical to minimize cost per 
foot of weld. 

13. Take care in selection of electrodes to assure best possible perform- 
ance economy. 

14. Use the most modem, efficient generator possible so as to minimize 
power costs. 

15. Minimize finishing costs by providing easy accessibility for painting, 
sand-blasting and name plate. 

16. If heat treatment is used, take this into account when designing so 
as to prevent possible distortion or deformation. 
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COST CALCULATIONS FOR ENGINE DRIVEN WELDERS 

Calculation of electrode and labor costs, for engine-driven welders, 
is the same as for motor-generator welders (see Pages 210-214). Different 
methods are used however for calculation of power costs. These methods 
of calculation of power or fuel costs are essentially the same for both 
Diesel and gasoline engine welders. 

From suitable consumption curves (see Fig. 316) for a given “arc 
amperes”, obtain the fuel consumption, at 100% operating factor. This, 
multiplied by the operating factor, gives the fuel consumption for arc 
time only. To this must be added the fuel consumption idling, which 
gives the total fuel consumption per hour. This, multiplied by the unit 
fuel cost, gives the power cost per hour. And divided by the production 
footage (arc speed x operating factor) gives the cost per foot for power. 

Note that where an engine idles at reduced speed (see Fig. 316) there 
is a marked reduction in fuel consumption. For example, consider a 300 
ampere unit at 250 arc amperes and 50% operating factor. Fuel con- 
sumption at 250 amperes is 2.46 gal. per hr. (from curve) — at 50% 
operating factor is 1.23 gal. per hr. Idling half-time at reduced speed, 
the engine consumes Yz x *72 (from curve) or .36 gal. per hr. for a total 
of 1.59 gal. per hour. Power cost at 14$ per gal. is 22.26 cents per hour 
This divided by production feet per hour is cost per foot for power. 



A RC AMPERES 



Fig. 919 
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Following is a form for tabulation of values and calculation : 

FUEL CALCULATIONS 

Gal. per hour at (from curve) arc amperes 

Gal. per hour at % operating factor 

Gal. per hour idling (from curve) 

Gal. per hours x % idling (1 minus % operating factor) 

Total gal. per hour 

Fuel cost at cents per gal 

Lubricating Oil* qts. at . . . 

Total Fuel and Lubricating Oil Cost 

Production rate (Feet per Hour) 

Fuel and Lubricant Cost per production foot 

♦Note — For gasoline driven welders, assume Zi pt. per hour lubricating 
oil. For Diesel engines, 1 qt. of lubricating oil to 5 gal. of fuel may be 
used as an average figure. (Lubricating oil consumption depends on com 
dition of engine, and other factors such as temperature.) 

MANUAL CARBON ARC WELDING 

For many welding operations, not only on steel but on other metals, 
the hand carbon arc can be used to good advantage. For these applications 
a few hints on the proper procedure and currents to be used may be 
helpful. 

Pointing of the Carbons. — The diameter of the point should be 
approximately half the diameter of the carbon used. The taper should 
be gradual back to the point where it is gripped in the holder. 

Position of the Carbon in the Holder. — The carbon should be 
gripped as close to the arc as practical as, if a long length of carbon is 
exposed, the heating causes the carbon to vaporize and burn very 
rapidly, giving excessive wastage. 

Polarity. — Electrode negative should be used in almost all cases. 

Currents. — The proper current to be used depends upon the 
work to be done. The following table will serve as a guide. The currents 
given are about the maximum which should ever be used. Smaller 
currents may be used, depending upon the weight or thickness of the 
base metal. 


Maximum Currents for Hand Carbon Arc 


Size of 

Carbon Electrode 

Maximum 

Current 

K 

50 


100 

X' 

200 


350 

H' 

450 

K 

700 
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Fig. 317. 

In making edge welds. Fig. 317, with the manual carbon arc, no 
metal is added. The edges are fitted close and fused together. This 
process can be used in many cases but where production warrants, the 
automatic shielded carbon arc should be used. For procedures and speeds 
in such cases, see Page 247. 

The following tables gives average condition for welding. 


Metal 

Arc 

Arc 

Carbon 

Welding Speed 

Thickness 

Volts 

Amp. 

Size 

Feet/Hour 

16 ga. 

25 

90-100 

wem 

135 

14 

25 

125-135 

Ya," 

125 

12 

25 

200-250 

YY-% V 

no 

10 

25 

250-275 

yi'-w 

100 


PROCEDURE SPEED AND COST FOR AUTOMATIC WELD- 
ING WITH SHIELDED CARBON ARC 

Shielding of the carbon arc for automatic welding is obtained by 
the introduction of three basically different types of autogenizers, namely: 
paste, fibrous, or powder. Each type is designed for specific applications. 

Paste type autogenizers are mixed with water to a creamy consis- 
tency and applied to the seam either with a brush or automatically prior 
to welding. Its function is one of scavenging and forming a light pro- 
tective layer of slag. 

Fibrous autogenizer is used to stabilise the arc and produce a gas 
shielding. It is fed automatically past the carbon electrode about y4' 
above the tip, at a rate which will bum it completely several inches 
behind the carbon. Often both paste and fibrous autogenizers are used 
together. In this case the fibrous type produces the gas shielding and the 
paste acts as an additional fluxing and slag-protecting agent. 

Powder autogenizers are fed automatically on the joint a few inches 
ahead of the electrode. The arc penetrates through the powder to 
produce the weld, leaving a protective layer of slag over the weld metal. 
The function of this powder is to purify and shield mechanically the 
molten metal. 
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The tables on the succeeding pages show where each autogenizer is 
used according to the type of joint and metal thickness. 

The maximum speed and most economical welds can be obtained 
only when the welding procedure is correct and the quality of the base 
metal is the best suited for welding. The speeds included in the follow* 
ing tables are based on the welding of general purpose steels. (See Page 
290 for analysis) . When certain other types of steel of poorer arc weld* 
ing quality are used it may be necessary to weld at speeds slower than 
those given in the tables. 

The speeds given should not be taken as the actual limits. In many 
cases they may be increased from 50% to 100% by adhering to one 
or more of the following factors. 

Proper control by management of best procedure, uniformity of 
materials (concerning variation in gauge), fit*up, clean seams, position* 
ing, and steel specifications. Fixture design should be such that fit*up 
variables and arc disturbances are minimized. It should also meet require* 
ments of specific applications in joint efficiency and pressure tightness. 

In the following tabulations, the rate of welding is based on actual 
arc speed with no allowance for setting*up, fatigue, shop efficiency, etc. 

The current given is approximate. There are various conditions that 
affect the amount of current needed — such as surface condition, amount 
of required build*up, and fit*up of the joint. 

The data are based on a gap of not more than 10% of the plate 
thickness, but in no case more than % 2 " without backing or with 
backing. If the gap without backing is greater than the above, seal with 
a small hand bead prior to welding. The offset of the edges should not 
exceed 10% of the metal thickness. 

It is to be remembered that the arc voltage , current , speed of travel, 
type of autogenizer, amount of build up of bead may be changed xnde* 
pendently of each other to meet specific applications without interference 
from any of the others. 

The following is divided into commercial and code welding and the 
data are given only as a guide for welding procedures. Speeds and costs 
for the various types and thicknesses of joints may vary depending upon 
requirements. Each problem should be worked out in detail, and with 
care to take full advantage of all conditions. 

COMMERCIAL WELDING 

Material — plain carbon steel of good welding quality, see Page 290. 
The following procedure is intended for straight seams. 

BUTT WELDS — Filler Metal Added — Work Clamped in Position 
on Copper Backing — Fibrous Flux. For this type of a weld a filler 
wire automatically fed into the arc is recommended, see Fig. 318. Used 
ing making tanks, range boilers, pipe and similar products. 
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Metal 

Thickness 

Arc 

Volts 

Arc 

Amps. 

Carbon 

Size 

Type 

Autogcn- 

izer 

Filler 

Metal 

Lbs./Hr. 

Welding 

Speed 

Ft./Hr. 

16 ga. 

33 

280 

% 

Fibrous 
+ Paste 

3 

125 

14 ga. 

34 

340 

a 

Fibrous 
+ Paste 

3 

120 

12 ga. 

34 

350 

A 

Fibrous 

4- Paste 

3 

110 

10 ga. 

35 

375 

A 

Fibrous 
+ Paste 

1 4 

95 

56 in. 

36 

375 

H 

Fibrous 
+ Paste 

5 

75 

A in- 

37 

400 

H 

Fibrous 
+ Paste 

5 

66 

%in- 

40 

450 

H 

Fibrous 
+ Paste 

5 

45 


Where welds of higher quality are required the powdered auto- 
gender is used rather than the paste and fibrous types. 


BUTT WELDS— Filler Metal Added— Work Clamped in Posi- 
tion on Copper Backing — Powdered Flux — See Fig. 318. 


Metal 

Thick- 

ness 

Arc 

Volts 

* 

Arc 

Amps. 

| Carbon 
Size 

Type 

Autogen- 

izer 

Filler 

Metal 

Lbs./Hr. 

** 

Angle 

Welding 

Speed 

Ft./Hr. 

%in. 

28-33 

700 

A 

Powder 

9.0 

Horiz. 

95 

A in. 



A 


9.0 

Horiz. 

85 

56 in. 

30-35 

750 

A 

Powder 

8.5 

3 

70 

H in- 

30-35 

750 

A 


7.5 

3 

45 

H in * ; 

31-36 ; 

750 

X A ! 

Powder 

6.5 . 

, 4 

25 


•When welding high tensile steels use the high side of the voltage range. A copper backing 
strip with a 1/4 x 1/16 groove is recommended when the metal thickness is 3/16 or more. 
**when an angle is specified it indicates the angle of tilt from horizontal at the point of welding, 
so the welding progresses up the incline. 


BUTT WELDS — No Filler Added— 70% Average Penetration. 
The seams are tightly clamped together without backing. The joints may 
be prepared as shown in Figs. 319 or 320. Automobile axle housings, 
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motor and generator frames, ship channels and many other products may 
use this type of joint. 



£ 


Fig. 319 


2 


£ I ) ; 9. I 


Fig. 320 


Metal 

Thickness 

Arc 

Volts 

Arc 

Amps. 

Carbon 

Size 

Type 

Autogcn- 

izer 

Welding 

Speed 

Ft./Hr. 

16 ga. 

22 

200 

% 

Paste 

300 

14 ga. 

24 

250 

% 

Paste 

300 

12 ga. 

26 

350 

% 

Paste 

260 

10 ga. 

27 i 

375 

% 

Paste 

180 

?6»n. 

; 

35 

400 

H 

Fibrous 
+ Paste 

150 

X in* 

38 | 

450 

H 

Fibrous 

4- Paste 

120 

Jfein. 

38 

450 

H 

Fibrous 

4- Paste 

100 

H in. 

38 

450 

H 

Fibrous 

4- Paste 

75 


If the steel conforms closely to the recommended steel for good arc 
welding quality, the current recommended for 14 ga. to inclusive 
may be increased up to 450 amps, with a corresponding increase in 
welding speed. 

BUTT WELDS — Filler Metal Added — 70% Average Penetration. 
The tabulated data below is based on seams being tightly clamped 
together without backing. The use of filler wire automatically fed into 
the arc is recommended. This type of joint. Fig. 321 is somewhat 
stronger than those illustrated in Figs. 319 and 320 and is used on 
automobile torque tubes, railroad car center sills, etc. 

i ? < i jg i 


Fig. 321 
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: 

Metal 

Thickness 

Arc 

Volts 

Arc 

Amps 

Carbon 

Size 

Type 

Autogen- 

izer 

Filler 
Metal 
Lbs ./Hr. 

Welding 

Speed 

Ft./Hr. 

14 ga. 

24 

275 

% 

Paste 

3 

260 

12 ga. 

26 

350 

MM 

Paste 

3 

200 

10 ga. 

27 

375 

SB 

Paste 

3 

160 

% 

36 

400 

X 

Fibrous 
-f- Paste 

5 

140 

V t in- 

38 

450 


Fibrous 

4* Paste 

5 

110 

% in. 

38 

450 

X 

Fibrous 
+ Paste 

5 

90 

yi in. 

38 

450 

H 

Fibrous 

4* Paste 

5 

65 


BUTT WELDS — Filler Metal Added — 100% Penetration — Fibrous 
Autogenizer. This type of joint, Fig. 322 is welded from both sides 
without the use of backing. Filler metal may be rods tack welded on 
the seam, but filler wire automatically fed into the arc is recommended. 
If the application permits the omission of filler metal from one side the 
welding speed may be increased on that side and 50% of the filler metal 
saved. If the work is inclined about 5° from the horizontal, the welds 
can be made at the same speed as shown in the tabulation but the current 
can be reduced approximately 15 % to 20%. 

l g < 

Fig. 322 

This type of weld is used in the manufacture of pipe, pressure vessels 
and similar products where 100% penetration is necessary. 


Metal 

Thickness 

Arc 

Volts 

Arc 

Amps 

Carbon 

Size 

Type 

Autogen- j 
izer 

Filler 

Metal 

Lbs./Hr. 

Welding. 

Speed 

Ft./Hr. 

X in- 



H 

Fibrous 
-j- Paste 

6 

50 

Xu in. 

36 

400 

X 

Fibrous 
+ Paste 

6 

45 

H in- 

38 

450 

X 

Fibrous 
+ Paste 

6 

40 


BUTT WELDS — Filler Metal Added — 100% Penetration — Pow- 
dered Flux — See Fig. 322. 
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Arc 

Volts 

Arc 

Amps 

Carbon 

Size 

Type 

Autogen- 

izer 

Filler 

Metal 

Lbs./Hr. 

Angle 

Welding 

Speed 

Ft./Hr. 

X in. 

29-34 

700 

x 

Powder 

9.0 

Horiz. 

50 

H in. 

30-35 

750 

x 

Powder 

9.0 

Horiz. 

50 

A in. 


750 

x 

Powder 

8.5 

3 

42.5 

H io. 

31-36 

750 

mm 


7.5 

3 

35 0 

H in. 


700- 

750 

m 

Powder 

6.5 

6 

22.5 

H in. 

32-37 

750- 

800 

A 

Powder 

6.5 

6 

17.5 

1 

32-37 

800- 

850 

X 


6.5 

6 

15.0 


When welding high tensile steel use the high side of the voltage 
range. When an angle is specified it indicates the degree of tilt at the 
point of welding so the welding progresses up the incline. Powder is 
used rather than a paste and fibrous autogenizer when higher quality 
of weld metal is required. 


Butt Welds in Heavy Plate — On plates thicker than 1" the joint 
is prepared as in Fig. 323. Beads No. 1 and No. 2 are made without 
filler. Filler is added on passes No. 3 and 4, the filler being a hot rolled 
steel bar of sufficient size to fill the scarf. The welding is done on an 
angle of about 4° using the powdered type of autogenizer and 700 to 
850 amperes. 



LAP WELDS — No Backing — Work Clamped or Tacked in Place 
— No additional filler metal is required in making this type of weld. 
Fig. 324. 


c= rr * E 

Fig. 324 


3 


Tanks, range boilers, ship and barge construction are some of the 
applications. 
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Plate 

Thickness 

Arc 

Volts 

Arc 

Amps. 

Carbon 

Size 

Type 

Autogen- 

izer 

Welding 

Speed 

Ft. /Hr. 

18 ga. 

25 

225 

5 46 

Paste i 

150 

16 ga. 

25 

250 

5 4 

Paste 

135 

14 ga. 

26 

325 

* 

Paste 

125 

12 ga. 

30 

325 

*4 

Fibrous 

4- Paste 

110 

10 ga. 

32 

325 

% 

Fibrous 

4- Paste 

100 

% in. 

33 

325 

H 

Fibrous 

4- Paste 

90 

X in. 

33 

350 

H 

Fibrous 

4* Paste 

70 

% in. 

35 

400 

H 

Fibrous 

4- Paste 

50 

H in. 

35 

400 

H 

Fibrous 

4- Paste 

40 


Note: If joint is tilted about 5° speeds may be increased as muck as 50%. 

Where the steel conforms closely to the recommended steel for good 
arc welding quality, the above currents may be increased about 75 amps, 
with a corresponding increase in welding speed. 

Edge Welds. — The making of edge welds as illustrated in Fig. 325 
requires no additional filler metal, the parts to be welded being simply 
fused together by the shielded carbon arc. 


Metal 

Thickness 

Arc 

Volts 

Arc 

Amps. 

Carbon 

Size 

Type 

Autogen- 

izer 

Welding 

Speed 

Ft. /Hr. 

20 ga. 

22 

120 

X 

Paste 

250 

18 ga. 

22 

120 

X 

Paste 

225 

16 ga. 

25 

120 

X 

Paste 

200 

i4ga. 

25 

140 

5 4 

Paste 

185 

12 ga. 

25 

275 

s 4 

Paste 

170 

10 ga. 

25 

325 



150 

*4 in. 

25 

350 



140 

X in. 

25 

350 

% 

Paste 

135 
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Fig. 325 



Typical applications include mufflers, tanks, compressor housings, 
etc. 

If the steel conforms closely to the recommended steel for good 
welding quality the above welding speeds may be increased two or 
three times with a corresponding increase in welding current providing 
the current does not exceed 450 amperes. 

CORNER WELDS — The work should be clamped in place on a 
copper backing where 100% penetration is required. In cases where 
less penetration is required the backing may be omitted. No filler metal 
is required. See Fig. 326. 



Square tanks, street lighting standards and metal cabinets are typical 
examples of this application. 


Metal 

Thickness 

Arc 

Volts 

Arc 

Amps. 

Carbon 

Size 

Type 

Autogen- 

izer 

Welding 

Speed 

Ft./Hr. 

18 ga. 

24 

120 

A 

Paste 

130 

16 ga. 

24 

135 

y 

Paste 

130 

14 ga. 

24 

150 

A 

Paste 

130 

12 ga. 

25 

275 

S A 

Paste 

115 

10 ga. 

32 

325 

A 

Fibrous 
+ Paste 

100 

% in- 

32 

350 

A 

Fibrous 

4- Paste 

90 


Building Up Shafts and Surfaces — Filler metal fed automatically 
into the arc is recommended for applying additional metal to round or 
flat surfaces as shown in Fig. 327. The speed of travel of the arc 
will determine the thickness of each layer of deposited metal. Welding 
at the speeds indicated below will produce a layer of weld metal which 
will machine"dean approximately /§" thick. 
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Fig. 327 

Worn shafting, car wheels and similar items are built up for 
machining to original size by this method. 


Shaft 

Size 

Arc 

Volts 

Arc 

Amps. 

Carbon 

Size 

Type 

Autogen* 

izer 

Filler j 
Metal 
Lbs./Hr. 

Welding 

Speed 

Sq. In./Hr. 

ll4 n to 

6" dia. 

30 

250 

% 

Fibrous 
-h Paste 

8H 

125 

6" to 

18" dia. 

30 

300 

% 

Fibrous 
+ Paste 

10 

150 

18" dia. I 
and flat 
surfaces 

32 

300 


Fibrous 
+ Paste 

14 

200 


CODE WELDING 
A. S. M. E. U'68 or U'69 

Material — Plain carbon steels which must successfully pass ASME 
homogeneity test. 

Analysis: Carbon .10 — .35% 

Silicon .20 max. 

Manganese .90 max. 

Phos. .04 max. 

Sulphur .05 max. 

Some steels outside the above range can be welded satisfactorily at 
the speeds given below, however, in some cases it will be necessary to 
use lower speeds and currents in order to obtain satisfactory results. 
On the other hand, steels of good welding quality such as the General 
Purpose Steel, Page 290 may be welded at higher speeds. The following 
procedure is intended for straight seams. 

BUTT WELDS — Filler Metal Added— 100% Penetration— Pow- 
dered Flux. — Welding is done from both sides without backing. See 


Fig. 322. 


Metal 

Thick' 

ness 

Arc 

Volts 

Arc 

Amps. 

Carbon 

Size 

Type 

Autogen- 

izer 

Filler 

Metal 

Lbs./Hr. 

Angle 

Degrees 

Welding 

Speed 

Ft./Hr. 

x 

29-34 

650 

X 

Powder 

8.0 

Horiz. 

42.5 

H in * 

30-35 

650 

K 

Powder 

8.0 

ix 

32.5 




mm 


6.5 

3 

22.5 




mm 

Powder 

6.5 

3 

17.5 

H in - 

32-37 

700 

X 

Powder 

6.5 

6 

16.5 
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BUTT WELDS — Filler Metal Added — 50% Penetration Into 
Metallic Back-up Bead — 


Metal 

Thick- 

ness 

Arc 

Volts 

Arc 

Amps. 

Carbon 

Size 

Type 

Autogen- 

izer 

Filler 

Metal 

Lbs./Hr. 

Angle 

Degrees 

Welding 

Speed 

Ft./Hr. 

li in. 

29-34 

650 

K 

Powder 

8 0 

Horiz. 

85 

H 

30-35 

650 

A 

Powder 

8.0 


65 

K in. 

30-35 i 

600 

Y 

Powder 

6.5 

3 

45 

H in. 

31-36 

750 

Y 

Powder 

6.5 

3 

35 

H in. 

32-37 

700 

K 

Powder 

6 5 

6 

33 


When welding high tensile steel use the high side of the voltage 
range. The degree of angle indicates the angle of tilt from the horh 
sontal at the point of welding, so the welding progresses up the incline. 

HOW TO ESTIMATE COST OF MAKING WELDS AUTOMAT- 
ICALLY WITH THE SHIELDED CARBON ARC 

From the data given in the preceding pages, costs of welding the 
various types of joints and metal thicknesses can be readily secured. 

The items used and necessary information are listed below. 

Labor — The price of labor for automatic operators varies consider' 
ably due to existing conditions of location, etc. The figure used will be 
$1.00 per hour. 

Power — Volts and amperes are given so that the amount of power 
is known. The efficiency of welders for carbon arc voltage require' 
ments can be taken as an average of 60%. Figure power cost at $0.02 
per K. W. H. 

Electrodes — The life of a 13j/£" or carbon will vary from 

about % to 3 hours depending upon various conditions. For a basis 
of estimating costs the carbon consumption will be figured at $0.10 
per hour, since carbon cost per foot of welding is negligible. 

Autogenizer — By consulting the tables it will be noted the type of 
autogeniser used. 

Paste Type — Cost per pound is approximately $0.35 and one pound 
will cover an average of 300 feet of seam. 

Fibrous — Cost per pound is approximately $0.30 and there are 60 
feet in a pound. Assume the flux feeds at 8" per minute, which gives 
an average cost of $0.20 per hour. 

Powder — Cost per pound is about $0.15 and is consumed at the 
rate of 8 to 20 pounds per hour. Based on the heaviest to the lightest 
thicknesses given (where powder is used), the amount will vary in 
proportion to the speed of travel, for a general cost figure. 
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Filler Metal — Cost per pound is approximately $0,075. There are 
three different sires used. The tables give the number of pounds per 
hour. 

The number of feet per pound are as follows: 

%z" diameter — 43.5 ft. 

!4" “ —24.0 ft. 

% 2 " “ - 15.4 ft. 

If closer cost'estimating is desired, consult manufacturer's price list 
for cost of particular items in quantity brackets purchased. Actual 
measurements may be taken of consumption of each item for a par- 
ticular application. 

The simplest way to figure direct costs is on an hourly basis and 
then allow for whatever efficiency factor for the particular application 
the shop uses. This may vary from 50% to 80%. 

Example: — Butt Weld A. S. M. E. IT68 and 69. Welding 
from both sides — no backing. Direct costs. 


Metal 

Thickness 

Arc 

Volts 

Arc 

Amps. 

Carbon 

Size 

Type 

Autogen- 

izer 

Filler 
Metal 
Lbs. /Hr. 

Welding 

Speed 

Ft. /Hr. 

X 

34 

700 

X' 

Powder 

6.5 

16.5 


Direct cost — hourly basis 

Labor @ $1.00 per hour $1.00 

Power @ $0.02 per KWH 700x34x.02 793 

lOOOx.60 

Carbon @ $0.10 per hour 10 

Autogenizer'Powder @ $0.15/lb.-12x.l5 1.80 

Filler Metal-%o" dia. @ $0.075/lb. 

6.5x.075 49 

Total cost 4.183 

Cost per foot 4.183 $0,254 

16.5 


Note: The above method of figuring costs is based on actual arc time 
and does not take into consideration idle time or overhead. 

PROCEDURE AND SPEEDS FOR AUTOMATIC WELDING 
WITH SHIELDED METALLIC ARC 

The use of an automatic feeder of heavily coated metallic electrodes 
for welding with a shielded arc, as shown in Fig. 328, is practicable 
on many applications and particularly on butt joints in heavy plates, 
over 34" in thickness. Joints are prepared for welding in the same 
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Fig. 328. Automatic feeder of metallic shielded arc electrodes in action. 

manner as indicated for manual welding with shielded arc, see Figs. 
207 to 211. Actual welding speeds will be approximately the same as 
for manual shielded arc welding; however, the total welding cost will 
be considerably less when an automatic feeder is used. In many 
cases of manual welding approximately 50% of the operators time is 
consumed in actual welding, the balance being used to change elec- 
trodes, relieve fatigue, etc. With the use of the automatic feeder the 
human element in the actual welding operation is practically eliminated. 
Less concentrated physical effort is required and as a result approxi- 
mately 80% of the operator’s time is consumed in the actual welding. 
Thus it can be readily understood that about 60% more welding can 
be done per unit of time with the automatic feeder than by the manual 
process. The resultant cost per foot of weld will therefore be con- 
siderably less for the automatic feeder. 

Also due to the automatic control of the welding conditions exceed- 
ingly uniform welds can be obtained. 

HIGH SPEED WELDING 

Occasionally it is desirable to weld at speeds higher than those 
usually used. This is true for both manual and automatic welding. Specific 
conditions have a large bearing on speed. 

For manual operation, when the operator is sufficiently skillful and 
experienced, very high speeds may be obtained. This involves good 
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fit'up and clamping, the use of electrodes larger than usual, and higher 
currents. The quality of the joint may not be as high, but in a sur- 
prisingly large number of cases it is satisfactory. The consequent cost 
reduction is obvious. 

For automatic welding, speeds as given in the tables may be increased 
up to 50% for commercial welds by adhering to one or more of the 
following factors: 

Proper supervision by management as to adherence to pro- 
cedure, uniformity of material, and steel specifications. 

Best possible fixture which will eliminate variables of fit-up, 
arc blow, oil, foreign material from joint. 

Weld requirements also govern the speed to a large extent. 

As an example of what may be done, in case of automatic edge 
welds the current may be increased from 50% to 200% with speeds 
increased in approximately the same ratios. 


SPEEDS AND COSTS FOR MANUAL WELDING WITH 
BARE OR WASHED ELECTRODES 

On the following pages are charted in graph form the amounts 
of electrode required per foot of weld in making the common types 
of butt welds, lap and fillet welds, and comer welds in various thick- 
nesses of metal. The actual welding speeds with no allowance for set- 
up of work, operator fatigue or other factors can also be obtained 
from the graph charts for the previously mentioned types of welds. 
The data contained in these graphs are based on use of correct welding 
procedure and proper fit-up of work to be welded in flat position. 
Speeds in other positions such as vertical and overhead will in general 
be somewhat slower. 

From the information given in these graphs and in the following 
table, approximate welding costs can be estimated. However, it should 
be borne in mind that these speeds must be modified by a factor 
depending upon the time the welder actually welds. 

Note: For purposes of calculation the following arc voltages may 
be used, for currents at mid range of those given. /&" electrode — 20 
volts. % 2 W electrode— 21 volts. %g" electrode— 22 volts. Vt,” elec- 
trode — 22 volts. 
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Type of Weld 

Thickness 
of Plate 

Electrode 

Size 

Current 

(amperes) 


X" 

X’ 

75-125 

Plain Butt Weld 

K 'X 

w 

110-185 

50% Penetration 

X’ 

XX 

150-225 


X’ 

XX 

150-225 


XX 


110-185 

Butt Weld, 60° Single Vce 

100% Penetration 

X’ 

X" 

X" 

XX 

XX 

110-185 

150-225 

150-225 


X" 

XX 

150-225 


X’ 

He" 

150-225 

Butt Weld, 60° Double Vec 

100% Penetration 

X' 

X" 

X” 

xx 

XX 

He’ 

150-225 

150-225 

150-225 


1* 

XX 

150-225 


X" 

w 

110-1&5 


XX 

XX 

150-225 

Fillet or Lap Welds 

X' 

X" 

X" 

X 

190-275 

190-275 


X" 

X" 

190-275 


X" 

X" 

190-275 


X’ 


110-185 


X" 

XX 

150-225 

Corner Weld 

X" 

XX 

150-225 


X’ 

X" 

190-275 


X" 

X’ 

190-275 

Edge Weld 

(work tilted 20° from hori- 

18 ga. 

16 ga. 

X"* 

X’* 

X’* 

XX* 

80- 90 

125 

zontal; welding down slope) 

14 ga. 

12 ga. 

175-200 

225-250 


^Carbon electrode, no filler metal used. 



Fig. 329. Chart of welding speed and amounts of bare or washed electrodes for 
square groove butt weld. 
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llJIKillllHUIIIHJIliiilllliUMIIilflilflilNHJMIIM 



PART IV 


WELD METAL AND METHODS OF TESTING 

The metal structure and physical properties of welds and welded 
joints depend to a considerable degree upon the result of heat effects. 
The material welded, material used to produce the weld, procedure 
employed in making the weld and the type of arc welding process 
used, are also factors involved. 

A comprehensive discussion from a metallurgical viewpoint would 
involve more space than is available. Only a basic discussion of this 
subject may be included in a book of this kind. 

Weld Metal and Base Metal Structure 

Since welding involves the use of heat, it is well to have in mind, 
certain basic thermal conditions as they exist during and after welding. 
This discussion herein refers to mild steel and the welding of mild steel. 


Fusion zone 



M0lTEri'5UPERHEfiTE.D 

HIGH temperature; 
(HOT FUSED) 


V ~ 7 

BASF METAL TEMPERATURE 


Fig. 334. 


There is a great difference between the temperature of the parent 
metal (approximately air temperature) and that of the molten metal 
in the center of the weld. See Fig. 334. These variations in temperature 
may be shown by a temperature gradient curve such as in Fig. 335. This 
gradient, or the rate at which the temperature varies at different points 
depends upon these factors: (1) Rate of heat input to the welded 
joint. (2) Capacity of the base metal to absorb the heat, which in turn 
depends upon its temperature, heat conductivity, mass and specific 
heat. 

The heat modifies the structure of the welded joint as a whole, 
including the base metal. It is to be noted however, these structural 
changes are sometimes interpreted improperly giving impressions which 
are not in accordance with the excellent physical performance of 
welded joints. 

This excellent performance (see Page 262), results even though the 
joint (insofar as metal structure is concerned) is not uniform throughout 
and areas of different structure exist — such as the area in the base 
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HARDNESS 
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metal effected by the heat of welding, the fusion sone and the deposited 
metal. A joint in usual structural steel (low or medium carbon) when 
welded by suitable electrodes and correct procedure has physical proper' 
ties superior to those of the base metal. 
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The relation of thermal conditions, structure and hardness of metal 
in arc welding mild carbon steel is shown in Fig. 335. Note that 
adjacent to the line of fusion there is a zone which has been heated 
to a temperature high enough to modify the micro structure. The 
extent of this change in structure depends upon the maximum tem- 
perature to which the metal is subjected, the length of time over which 
this temperature exists, the composition of the steel and the rate of 
cooling. 

Deposition of a single bead of weld metal provides a simple demon- 
stration of these changes in micro structure. 

For the purpose of discussion and comparison of the different zones, 
the structure of the base metal is designated as normal. This structure 
varies greatly with steel-making practice, i.e., rolling temperature, plate 
thickness, etc. 

From the normal structure of the base metal there is a gradual 
change to a zone of finer grain than the base metal. Note (Fig. 335) 
the structure of the base metal which has been heated above the lower 
critical temperature, (723° C) and below the upper critical temperature. 

The cooling in this zone has been sufficiently rapid to result in this 
finer (than base metal) structure. From this zone, toward the deposited 
metal or weld is a zone which was subjected to a high temperature. In 
fact, it is the point at which the base metal reached its highest tempera- 
ture. Note the gradual reduction in fineness reaching a maximum at 
the edge of weld. Adjacent to this last mentioned zone is the fusion 
zone and deposited metal. 

It is true that by holding the base metal at an excessively high 
temperature for a long time, a structure of less than normal fineness 
results. However, due to the short time the metal is held at the high 
temperature and the quick rate of cooling, there results in a welded 
joint a greater strength and some increase in hardness as compared 
to the base metal. 

In the case of a multiple pass weld, each bead has a refining action 
on preceding beads similar to the effect outlined above. The grain 
size of the metal depends upon the maximum temperature above the 
critical range to which the particular bead has been subjected and the 
length of time which it is held at this temperature. It should be noted 
however that the refining action caused by reheating of beads above 
the critical may not be uniform throughout the joint. 

The speed of welding and the rate of heat input to the joint affects 
the degree of change in structure and hardness. On a given mass of 
parent metal, at a given temperature, a small bead deposited at high 
speed produces a greater hardening than one deposited at a greater 
rate of metal deposit and at a higher heat input per unit length of joint. 
This is because the small high-speed bead cools more rapidly than the 
larger high-heat bead. 

The effect of welding heat determines to a great degree the welda- 
bility of a metal and its usefulness in fabrication. This effect depends 
on chemical composition — temperature to which the metal is heated, 
the length of time it is held at this temperature and the cooling rate 
from this temperature. Where the chemical composition is such that 
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the metal is sensitive to heat conditions or heat changes, as in the case 
of high carbon and some alloy steels the above conditions should be 
taken into account, and may require heat treatment both before and 
after welding. (See Page 287, Weldability.) 

Tests show that a welded joint in usual structural steel (low or 
medium carbon) when welded by suitable electrodes and correct pro* 
cedure has physical properties superior to those of the base metal, as 
evidenced by the fact that fracture occurs away from the welded joint 
and in the base metal. See Fig. 336. 



Fig. 336. Results of tensile strength test of weld made by shielded arc. Weld was 
machined flush with plate for equal cross sectional area of plate and weld. The specimen 
broke in the plate metal at a considerable distance from the weld. 


This welded joint more than meets the most severe load require' 
ments, efficiently and economically. 

Comparative figures and results for various types of tests on weld 
metal and steel show this superiority most conclusively. 

Physical Properties 

The data are based on the work of the average welder with proper 
equipment, using proper procedure for the shielded arc process and 
also for the bare or washed electrodes. Study of these data and those 
given in Part III indicates why there has been a decided change to 
the use of the shielded arc process in welding. 

The following tabulation is given, comparing deposited metal of 
shielded arc electrode and bare electrode to mild steel plate. 

Properties of Weld Metals and Mild Rolled Steel 


Material 

Tensile 

Strength 

Lbs./SqJn. 

% Elonga- 
tion in 

2 Inches 

Density- 

Grams 

Per c.c. 

Endurance 

Limit* 

Lbs./Sq.In. 

Notched 

Bar 

Ft. Lbs. 

Weld Metal, 
made with 
shielded arc 

mm mm 

to? .fill 

20-30 

7.84- 

7.86 


25-80 (fc°d) 

Mild Rolled 
Seed 

55,000- 

65,000 


7.86 


20-80 (Izod) 

Weld Metal, 
made with 
bare or 
washed elec- 
trode 

40, COO- 
55, 000 

1 

5-10 

7.5- 

7.7 

■ 

8-15 (Izod) 


* Maximum stress in outside fibres, 10 million reversals without failure. Rotat' 
ing beam test. See Endurance Test, Page 280. 


The above results are obtained by suitable tests devised to show 
relative mechanical and physical characteristics of the metals. 
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Method of Testing Weld Metal and Welded Joints 

Following is the “Standard Methods for Mechanical Testing of 
Welds, n prepared by the Committee of Standard Tests for Welds of 
American Welding Society. 


FOREWORD 

As for any engineering product, the quality of welds depends upon competent 
inspection and adequate tests. Experience has shown that, in general, mechanical 
tests to determine their strength and other properties are the least expensive and 
most reliable tests for the quality of welds. Therefore, they are the tests most 
widely used. In addition other tests are used in some cases. No other tests 
appear likely to replace mechanical tests entirely. 

Mechanical tests for welds are similar to the usual mechanical tests for the 
base metal — plate, tubes, etc., with the changes which have been found necessary 
to determine the properties of welds. These tests for welds have now been used 
for a sufficient length of time to indicate quite definitely the properties to be 
determined and the test procedures which not only give adequate information as 
to the quality of the weld but are the most practicable for welded fabrications. 

Although there is a surprising agreement among welding engineers on the 
properties to be determined and, in general, the test procedure, there is a wide 
divergence in the shape and size of the specimens and the details of the test 
procedure. This considerably increases the cost of making the tests, and de* 
creases the usefulness of the results obtained under different codes and spetifica' 
tions, because they cannot be compared directly. There is no logical reason why 
for a particular welded fabrication the same size and shape of specimen and the 
same test procedure should not be used by every one. Standardization in this 
field has all the advantages to every one concerned that are so generally recog' 
nized in other fields and need not be discussed here. 

Standardization of the mechanical tests for welds does not necessarily apply 
to research. It does apply to all tests during commercial production, i.e., what 
are often called “routine tests." 

In preparing this standard no attempt has been made to promote the use of 
new or unused tests nor to elaborate the usual test procedure however desirable 
this might appear from a theoretical or logical viewpoint. These standards are 
the best compromise which could be found in the expectation that existing codes 
and specifications could be revised to comply with this standard with the least 
trouble and expense. If this standard cannot be used satisfactorily it is expected 
that changes may be necessary but that the changes will be consistent with this 
standard in so far as practicable. Compliance with this standard is strongly 
recommended in the conviction that such action will greatly benefit the welding 
industry. 


GENERAL REQUIREMENTS 

I. Scope 

This standard gives the requirements for the specimens, the testing procedure 
and the method of obtaining the properties. It is not a specification promulgating 
required values of the properties. The persons including this standard a is a 
portion of a code or specification for a welded product should state definitely: 

1. The one or more tests which are required. 

2. The limiting numerical values of the properties and whether they are 
minimum or maximum. 

3. The interpretation, if any, of the properties. 

II. Testing Procedure 

All tests involving the application of a tensile load to a specimen shall be 
carried out in accordance with the applicable portions of “Standard Methods of 
Tension Testing of Metallic Materials," A.S.T.M. Designation E'8. 
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EEL Nomenclature 

The terminology used in this standard conforms to the “Standard Definitions 
of Terms Relating to Methods of Testing," A. S. T. M. Designation E-6, and to 
the standard of the American Welding Society, entitled “Welding and Cutting 
Nomenclature, Definitions and Symbols." The term “soundness" used in this 
standard means the degree of freedom of a weld from defects discernible by 
visual inspection of any exposed surface of weld metal. In preparing reports of 
tests made in accordance with this standard, nomenclature shall conform to the 
above standards and definitions. 


IV. Etching 

Specimens to be tested in accordance with this standard shall be etched for 
either of two purposes: (1) to determine the soundness of a weld (see Sec. VI, B), 
or (2) to determine the location of a weld. 

For tests in which the dimensions of the specimen, the procedure or the results 
depend upon the location of the weld, the surface of the specimen at and 
adjacent to the weld shall first be etched with any reagent which makes the 
boundary between the weld metal and the base metal visible, if the boundary is 
not already distinctly visible. 

Note: Some reagents commonly used for carbon steels and low-alloy 

steels (5% or less of alloying elements) are the following: 

Hydrochloric acid — Equal parts by volume of concentrated hydro- 
chloric (muriatic) acid and water. Immerse the welds in this 
reagent at or near the boiling temperature. Hydrochloric acid will 
etch satisfactorily on unpolished surfaces. It will usually enlarge gas 
pockets and dissolve slag inclusions, enlarging the resulting cavities. 
Ammonium persulphate — One part of ammonium persulphate 
(solid) to nine parts of water by weight. Vigorously rub the sur- 
face of the weld with cotton saturated with this reagent at room 
temperature. 

Iodine and potassium iodide — One part of powdered iodine 
(solid) to twelve parts of a solution of potassium iodide by weight. 

The solution should consist of one part of potassium iodide to five 
parts of water by weight. Brush the surface of the weld with this 
reagent at room temperature. 

Nitric acid — One part of concentrated nitric acid to three parts of 
water by volume. 

Caution — Always pour the acid into the water when dilut- 
ing. Nitric acid causes bad stains and severe burns. 

Either apply this reagent to the surface of the weld with a glass 
stirring rod at room temperature, or immerse the weld in boiling 
reagent provided the room is well ventilated. Nitric acid etches 
rapidly. It should be used on polished surfaces only, and will show 
the refined zone as well as the weld metal zone. 

After etching, the weld should immediately be washed in clear water, prefer- 
ably hot water; the excess water should be removed; the etched surface should 
then be immersed in ethyl alcohol, removed and dried, preferably in a warm air 
blast. The appearance may be preserved by coating with a thin clear lacquer. 


DETAILS OF TESTS 
V. Base Metal 

If there are specifications for the base metal, the tests of the base metal shall 
be in accordance with these specifications. 

If there are no specifications for the base metal, the tests of the base metal 
shall be carried out in accordance with the standards of the American Society 
for Testing Materials. Tensile tests, if any, shall be in accordance with “Standard 
Methods of Tension Testing of Metallic Materials," A. S. T. M. Designation E-8. 
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VI. Weld Metal 

A. Density 

1. Specimen. — The specimen, A, shall be a cylinder complying with the 
requirements of Fig. 1, and consisting entirely of metal from the deposited metal 
zone. If the size of the weld is insufficient, the specimen may be machined from 
a test plate complying with the requirements of Fig. 338. 
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Fig. 337. Density specimen A 


Do^ed }n?s show posihon from w*/ch 
specimen A shall be machined 
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Fig. 338. Test plate for density specimen A. 


2. Procedure . — After the specimen has been subjected to room tempera- 
ture for not less than two hours, the average dimensions shall be measured (screw 
micrometer) to the nearest 0.0001 inch and the room temperature in degrees 
Centigrade shall be determined. Using a balance having an error not exceeding 
0.0001 gm., the weight of the specimen in air shall be determined. 

3. Results . — The density shall be computed using the formula: 

Density, in grams per cubic centimeter = 

weight in air, in grams 

volume in cubic inches X (1 — 0.000033 X t) X 16.3872 

in which 

t “ temperature of specimen in degrees Centigrade. 

16.3872 = number of cubic centimeters in one cubic inch. 

0.000033 = volumetric coefficient of expansion of ferrous weld metal per degree 
Centigrade. 

Note: The density is not an accurate measure of the soundness of weld metal. 
Voids or slag inclusions scattered throughout the metal abundantly enough so 
that on an average straight line scribed on the face of the metal, one-twentieth 
of the length strikes voids, would result in a change in density of (%o) 8 or one 
in 8000 (.012%). To detect such a change calls for high accuracy of measure- 
ment. A further difficulty rises from the fact that the normal variations in density 
between different lots of sound steel may be themselves much greater than one 
in 8000. 

B. Soundness: Etch Test 1 

1. Specimen. — A portion of the joint, specimen B (no figure) displaying 
a complete transverse section of the weld shall be removed by any convenient 
means such as trepanning, flame cutting, drilling or sawing. If removed by 
flame cutting at least Y& inch shall be machined from the face that sections the 
weld. This face shall be smooth, bright, and polished. 

Note: The face may be filed and polished with abrasive cloth finishing 
with grade 00. 


1 See also Sections VIIA and VIIIA. 
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2. Procedure . — The face shall be etched. (See Note, Section IV, for sug* 
gested etching reagents.) 

3. Results. — The etched transverse section of the weld shall be examined 
for soundness. (See Sec. III.) 

Note: Persons writing codes or specifications should state definitely 
their requirements for soundness. Typical requirements are: “complete 
penetration,' 11 “no inclusions, 1 '’ “the number of gas pockets shall not 

exceed per square inch, 11 “no gas pocket shall exceed inches in 

its greatest dimension, 11 etc. 
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Note: Dimensions A, B, C and G shall be as shown, hut the 
ends may be of any .shape to fit the holders of the testing machine 
m such a way that the load shall be axial. 

Fig. 339. Weld-metal tensile specimens C-l to C-5, inclusive. 


C. Tensile Strength 

1. Specimen . — The specimen, CM, 02, 03, 04 or 05, shall comply with 
the requirements of Fig. 339 for the specimen having the largest diameter which 
can be machined from the welded joint. The portion of the specimen included 
in the gage length B shall consist entirely of metal from the deposited metal zone. 
The diameter;at the ends of the reduced section shall be not less than the diameter 
at the middle and shall not exceed 101% of the diameter at the middle. All of 
these specimens are geometrically similar in all significant dimensions, therefore the 
properties determined from any one of them are approximately the same as the 
properties determined from any other one, so far as testing technique is concerned, 
b In the event that filler metal is to be deposited specifically for the purpose of 
this test, a test plate complying with the requirements for specimen CM, Fig. 340, 
shall be used, unless the subsize test plate for specimen CM, Fig. 340, is specifically 
called for in the specifications. The apparatus, materials, methods and rate of 
depositing the weld metal in the test plate shall, so far as practicable, be the same 
as those used in making welds with the given filler metal. 

Note: Due to unavoidable differences in the method of depositing the 
filler metal and in rates of cooling, the properties of the weld metal deter* 
mined from a specimen will depend upon the dimensions of the adjacent 
metal. 

For thermit welds a suitable refractory material shall be used for a trough in 
which the weld metal is to be allowed to solidify. 
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2. Procedure. — The diameter of the specimen at the middle of the reduced 
section shall be measured in inches and the gage length defined by a gage mark 
at each end. The specimen shall be ruptured under tensile load, and the maximum 
load in pounds shall be determined. 

3. Results . — The tensile strength shall be obtained in pounds per sq. in., 
by dividing the maximum load by the cross-sectional area of the specimen at the 
middle. The cross-sectional area of the specimen shall be obtained by squaring 
the diameter of the specimen and multiplying by 0.785. The elongation shall be 
determined by removing the specimen from the machine, fitting the fractured ends 
of the specimen together, measuring the distance between the gage marks and 
subtracting the gage length. The per cent elongation shall be obtained by dividing 
the elongation by the gage length and multiplying by 100. 
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Note: Test plate may be lengthened as desired to provide for 
more than one specimen. 


Fig. 340. Test plate for weld-metal tensile specimen C-l or C-4. 


VII. Butt- Welded Joints 

General Statement: Individual specifications may designate which of the 
specimens described in this section shall be used, and the order in which they 
shall be cut from any prepared plate or pipe sample. No weld in a plate sample 
shall be begun or ended nearer than one inch to any portion of a welded specimen 
taken from that plate. 

A. Soundness : ?Li c \'Brea\ Test 

1. Specimen . — For a butt weld in plate, the nick-break specimen, D-I, shall 
comply with the requirements of Fig. 341. 
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Fig. 341. Nick-break specimen D-l (plate). 
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Fig. 342. Nick-break specimen D-2 (pipe). 


load 



Fig. 343. Method of rupturing nick-break specimens. 


For a butt weld in pipe or tubing the nick-break specimen, D-2, shall comply 
with the requirements of Fig. 342. 

2. Procedure. — The specimen shall be supported substantially in accordance 
with Fig, 343 and ruptured by a force which, unless otherwise specified, may be 
applied either slowly or suddenly as by one or more blows of a hammer. 

Note: A sharp sudden heavy blow is often specified. There appears to 
be but little evidence to indicate that there is any appreciable difference in 
the appearance of the fractured surface caused by a difference in the rate 
of applying the force. 
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Fig. 344. Face- and root-bend specimens E-l and F-l (plate). 


3. Results. — The surfaces of the fracture shall be examined for soundness. 
(See Sec. Ill and Note, Sec. VI, B 3.) 

B. Soundness : Guided'Bcnd ‘Test 

1. Specimens. — For welded butt joints in plate, the face-bend specimen, 
F-l, and the root-bend specimen, F-l, shall comply with the requirements of 
Fig. 344. 

For welded butt joints in pipe or tubing, the face-bend specimen, E-2, 
and the root-bend specimen, F-2, shall comply with the requirements of 
Fig. 345. 
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Note: This test as now specified is intended for pipe of Va'inch nominal wall thickness only, 
and is not considered suitable for pipe having a nominal diameter of less than 6 inches. 

Fig. 345. Face- or root-bend specimens, E-2 or F-2, resp. (pipe). 
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Note: The side-bend test is not applicable if the plate thickness (*) is less than Va 


Fig. 346. Side-bend specimen G. 


The side-bend specimen, G, shall comply with the requirements of Fig. 346. 
Tool marks, if any, shall be lengthwise of the specimen. 

Note: Tests have shown that the severity of the guided-bend test in- 
creases to some extent with increasing width/thickness ratio of the speci- 
men. Results of the side^bend test are therefore not directly comparable 
when obtained on specimens G, Fig. 346, having different widths W. 

2. Procedure . — Each specimen shall be bent in a jig substantially in 
accordance with Fig. 347. Any convenient means may be used for moving the 
male member with relation to the female member. 
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Fig. 347. Guided-bend test Jig. 
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The specimen shall be placed on the female member of the jig with the weld 
at midspan. The two members of the jig shall be forced together until the 
curvature of the specimen is such that a %2 inch diameter wire cannot be passed 
between the curved portion of the male member and the specimen. The specimen 
shall then be removed from the jig. 

Face'bend specimens, E'l and E' 2, shall be placed on the female member of 
the jig with the face of the weld directed toward the gap, 

Root'bend specimens, FT and F' 2, shall be placed on the female member of 
the jig with the root of the weld directed toward the gap. 

Side'bend specimen, G, shall be placed on the female member of the jig with 
that side showing the greatest defects, if any, directed toward the gap. 

3. Results. — The convex surface of the specimen shall be examined for 
the appearance of cracks. Any specimen in which a crack is present after the 
bending, exceeding a specified size measured in any direction, shall be considered 
as having failed. Cracks occurring at the corners during testing shall not be com 
sidered. 
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Fig. 348. Tensile specimen H-l (plate). 
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Fig. 349. Tensile specimen H-2 (plate). 


C. Tensile Strength 

1. Specimens. — For a welded butt joint in plate, the specimen shall comply 
with the requirements of Fig. 348, specimen FTl, unless in the code or specifica* 
tions the requirements of Fig. 349, specimen IT2, are specifically called for. 

Note: These two specimens differ only in that in specimen FT 2 flame 
cutting of the specimens along the edges is permitted only if followed by 
machining to a depth of at least J/g inch to remove the flame^affected 
material. 
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Fig. 350. Tensile specimen H-3 (pipe). 
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Fig. 351. Tensile specimen H-4 (pipe). 


For a circumferentially-welded butt joint in pipe or tubing having a nominal 
diameter exceeding 2 inches, either specimen FT 3 or FT4 may be used as called 
for in the code or specification. Specimen FT 3 shall comply with the requirements 
of Fig. 350. The ends of the specimen may either be flattened by any suitable 
means or the ends may be placed in the grips of the testing machine without 
flattening. Specimen FT4 shall comply with the requirements of Fig. 351. This 
‘jpecimen is not recommended for wall thicknesses less than J4 inch nominal. 
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For circumferentially ^welded butt joints m pipe or tubing having a nominal 
diameter not exceeding 2 inches, the specimen H-5 (full section specimen) shall 
comply with the requirements of Fig. 352. 


f 



Fig. 352. Tensile specimen H-5 (pipe). 

2. Procedure. — For specimens H- 1, H- 2, H- 3 and H- 4, the least width 
and corresponding thickness of the reduced section shall be measured in inches. 
For specimen H-5\ the average outside diameter, OD, either at the weld or at a 
distance not exceeding J/J inch from the boundary between the base metal and 
the weld metal, and also the average inside diameter, ID, of the base metal at 
either end of the specimen shall be measured in inches. The specimen shall be 
ruptured under tensile load and the maximum load in pounds shall be determined. 

3. Results . — The cross-sectional area shall be obtained as follows: 

Specimen Cross-Sectional Area = 

H-l, H-2, H - 3 or H-4 width X thickness 

H-5 0.785 (OD2 — ID2) 

The tensile strength in pounds per sq. in. shall be obtained by dividing the 
maximum load by the cross-sectional area. 

D. Ductility: Frec-Bend Test 

1. Specimen. — For butt-welded joints in plate, the specimen, J-l, shall 
comply with the requirements of Fig. 353. 
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Fig, 353. Fres-oena specimen J-l ipiattj. 

Note: If desired, the edges of this specimen may be prepared by machine flame cutting, 
followed by rounding of the corners with a file. If flame cut specimens fail, additional specimens 
with edges finished by machining may be tested, two for each flame cut specimen which fails. 
Each of these specimens must pass the teat. 
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For a circumferentially-welded butt joint in pipe or tubing, the specimen, 
J* 2, shall comply with the requirements of Fig. 354. 

In both cases the width shall be 1.5 multiplied by the thickness of the 
specimen. Each corner lengthwise of the specimen shall be rounded in a radius 
not exceeding Ho the thickness (t) of the specimen. Tool marks, if any, shall 
be lengthwise of the specimen. 

If the line between the weld metal and the base metal is not distinctly visible 
when the specimen is ready for testing, the surface of the specimen shall be etched 
with a suitable reagent. 

2. Procedure. — Cage Lines : The gage lines shall be lightly scribed on the 
face of the weld. The gage length (distance between gage lines) shall be approx- 
imately l/jj inch less than the width of the face of the weld, and shall be measured 
in inches to the nearest 0.01 inch. 

For single groove welds, the gage lines shall be on the wider face of the weld. 

For double groove welds, the gage lines on one-half the specimens shall be on 
one face of the weld, and on the other half of the specimens, on the other face. 
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Fig. 354. Free-bend specimen J-2 (pipe). 

Note: If desired, the edges of this specimen may he prepared by machine flame cutting, followed 
by rounding of the corners with a file. If flame cut specimens fail, additional specimens with edges 
finished by machining may be tested, two for each flame cut specimen which fails. Each of these 
specimens must pass the test. 
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Fig. 355. Initial bend tor tree-bend specimens. 


Initial Bend: Each specimen shall be bent initially by the use of a fixture 
complying with the requirements of Fig. 355. The surface of the specimen con- 
taining the gage line shall be directed toward the supports. The weld shall be at 
midspan of both the supports and the loading block. 

Alternate Initial Bend: If the purchaser and the vendor agree, the initial 
bend may be made by holding each specimen in the jaws of a vise with one-third 
the length of the specimen projecting from the jaws, then bending the specimen 
away from the gage lines through an angle of from 30 to 45* by blows of a 
hammer. The other end of the specimen shall be bent in the same way. 

In order that the final bend shall be centered on the weld, the initial bends 
shall he symmetrical with respect to the weld, and both ends shall be bent through 
the same angle. 
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Final Bend: Compressive forces shall be applied to the ends of the specimen, 
continuously decreasing the distance between the ends, substantially in accordance 
with Fig. 356. 



Fig. 356. Final bend for free-bend specimens. 


Note: Any convenient means, such as a vise or a testing machine, may 
be used for the final bend. The use of a fixture complying with Fig. 357 
is recommended. It prevents the ends of the specimen from slipping as 
it is bent. Life and property may be endangered if the specimen slips. 

When either a crack or a depression exceeding a specified size in any direction 
appears on the face of the weld, the load shall immediately be removed. If no 
crack appears, the specimen shall be bent double. Cracks occurring on the corners 
of the specimen during testing shall not be considered. 

3. Results. — The elongation shall be determined by measuring the minimum 
distance between the gage fines, along the convex surface of the weld, to the 
nearest 0.01 inch and subtracting the initial gage length. The per cent elongation 
shall be obtained by dividing the elongation by the initial gage length and multi' 
plying by 100. 

Note: A flexible steel scale graduated in hundredths of an inch and a 
magnifying glass may conveniently be used when determining the elonga* 
tion. 



Fig. 357. Recommended fixture for final bending of free-bend epecixnen*. 
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VIII. Fillet- Welded Joints 
A. Soundness: Fillct'Weld'Brea\ Test 

1. Specimen . — The fillet'weld'break specimen, K, shall comply with the 
requirements of Fig, 358. 

2. Procedure. — A force, A, shall be applied to the specimen substantially 
in accordance with Fig. 359, until rupture of the specimen occurs. The force 
may be applied by any convenient means. 

Note: A press, a testing machine, or blows of a hammer, may be used. 
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Fig. 358. Fillet-weld-break 
specimen K. 



Fig. 359. Method of rupturing fillet-weld-break 
specimen K. 
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Fig. 360. Transverse fillet-weld shearing specimen L-l. 


3. Results. — The surfaces of the fracture shall be examined for soundness. 
(See Sec. Ill and Note Sec. VI, B 3). 

B. Shearing Strength: Transverse Welds 

L Specimens . — Type A: The transverse fiUet^weld specimen, M, shall 
comply with the requirements given in Fig. 360. 
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Fig. 361. Transverse fillet-weld shearing specimen L-2. 

Type B: The transverse fillet-weld specimen, L-2, shall comply with the 
requirements of Fig. 361. 

Note: These two types of specimen are currently used for shear tests of 
fillet welds; type A, where comparative rather than absolute value of 
strength per linear inch of fillet weld is sufficient, and where because of 
cost or of time limitations it is desired to avoid machining of specimens; 
and type B, where more nearly exact values are desired. 

2. Procedure . — The width of the specimen shall be measured in inches. The 
specimen shall be ruptured under tensile load, and the maximum load in pounds 
shall be determined. 

3. Results . — The shearing strength of the welds in pounds per linear inch 
shall be obtained by dividing the maximum force by twice the width of the 
specimen. 

The shearing strength of the welds in pounds per square inch shall be 
obtained by dividing the shearing strength in pounds per linear inch by the 
average throat dimension of the welds in inches. 

C. Shearing Strength : Longitudinal Welds 

1. Specimen . — The longitudinal fillet-weld specimen, M, after welding shall 
comply with the requirements of Fig. 362 and after machining shall comply with 
the requirements of Fig. 363. 
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Fig* 362. Longitudinal fillet-weld shearing specimen M after welding. 



Fig. 363. Longitudinal fillet-weld shearing specimen M after machining. 
Note — For other dimensions see Fig. 362. 
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2. Procedure . — The length of each weld shall be measured in inches. The 
specimen shall be ruptured under tensile load, and the maximum force in pounds 
shall be determined. 

3. Results . — The shearing strength of the welds in pounds per linear inch 
shall be obtained by dividing the maximum force by the sum of the lengths of 
the welds which ruptured. 

In the order given, these “Standard Methods of Mechanical Testing 
of Welds 1 ’ may be further discussed and illustrated. A discussion of 
these as well as other different methods of testing follows. 

In order to secure accurate comparative results, conditions must be 
the same for all samples and tests. Inasmuch as field conditions vary, it 
is advisable to make all tests under laboratory conditions with well defined 
and controlled procedures. 

Density — Read carefully the note on Page 265. On the comparative 
basis discussed, shielded arc deposit has a density equal to steel. 

Etch Test — This is a test for soundness which is occasionally used. 
Other methods, such as nick'break are more generally used, due to the 
simplicity and ease of procedure. 

Tensile Test — A specimen prepared as indicated in Fig. 340 is placed 
in a tensile testing machine, (see Fig. 364) and subjected to a tensile or 
pulling load. In addition to the tensile strength and elongation mentioned 
in the Standards, the yield point may be determined by observing the 
dial. This is done by applying the load at a steady rate of increase. 
When the yield point is reached there is a sudden halt of the load'indicat- 
ing pointer. The load at this point is recorded and the corresponding 
stress is taken as the yield point. 





WELD METAL AND METHODS OF TESTING 


277 



Fig. 365. Typical tensile test specimen of shielded arc weld metal showed tensile 
strength of 76,100 lbs. per sq. in.; elongation in 2 " of 25.8%; reduction in area of 48%. 


Reduction of area may also be determined by holding the pieces of 
the fractured specimen together in a vise and measuring the average 
diameter of the smallest cross section with a micrometer, fitted with 
points so shaped that they will come in contact with the specimen at its 
smallest diameter. The reduction in area is calculated as the percentage 
reduction based on the original area. Note the reduction of area as shown 
in the specimen of Fig. 365. Careful observation of the broken section 
will show a ridge or rim around one piece. This is known as cupping 
and it is measured in per cent of complete rim — 100% or full cup. 
High values are desirable. Note the full cup in the specimen of Fig. 365. 

Nlic\'Brea\ Test — This test, simple and inexpensive to make, will 
disclose the soundness of weld metals. A nick-break test specimen is 
prepared by welding two plates together, cutting out a section as ex- 
plained, Page 267, and nicking it on each side with a saw. When struck 
with sufficient force, the specimen will break at the nicks, exposing the 
metal for examination. 



Fig. 366. A guidod-bend test specimen. 


Guided Bend Test — Soundness — This test which is for soundness is 
rather severe. It requires inexpensive samples and equipment. Welded 
joints made with shielded arc, with proper equipment and procedure, 
easily pass this test. It is coming to be one of the most frequently and 
generally used because of its low cost, ease of making and critical 
requirements. A typical test specimen is shown in Fig. 3 66. 

Tensile Strength — Joints — The tensile specimen is prepared as 
directed in the Standards. Test results as outlined under Tensile Tests 
for weld metal may be obtained. The same general remarks apply to this 
section as given under Tensile Test for Weld Metal. 
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Free Bend Test — Ductility — This is another simple and inexpensive 
test. It indicates the elongation and compression of the metal in a welded 
joint. 

Tests of welded joints made in this manner indicate the high ductility 
of weld metal produced by the shielded arc. Such weld metal shows 
elongation of 25% to 40%, and in some cases much more (see Fig. 376), 
as compared with only 15% to 25% for welds produced with bare or 
lightly coated electrode. 

A free-bend specimen made in lj/ 2 'inch plate is shown in Fig. 367. 
Note the stretch in the outer fibres of the weld metal. The weld was made 
in V’d plate with the shielded arc. This stretch corresponds to an 
elongation of 54%. 



Fig. 367. Free bend test specimen showing stretch in outer fibres of shielded arc weld. 


Fillet Weld Brea\ Test — Soundness — Another simple, low-cost test 
is the fillet weld break test. This requires a minimum of test equipment 
(a hammer) . It is a test for soundness. 

Shearing Strength — Transverse and Longitudinal Welds — This test 
which shows the actual shear strength of a welded joint requires a low- 
cost specimen and a tensile testing machine of sufficient capacity to break 
or fracture the joint. 

It is frequently used (see Page 275) as a check on work because of its 
rather low cost, and ease of testing. 

Tests other than those specified in the Standards are frequently used, 
such as the notched bar test, and endurance test. 

l<lotched Bar Test — The notched bar test serves as a guide in the 
selection of material of low sensitivity to notch effects. The test is made 
by a continuous application of the load. This must be very definitely and 
positively differentiated from notch effects where load pulsates or varies 
as in the endurance test, (see Page 280) and no general relation existing 
between the two has been shown. 
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The notch bar test indicates the differences or relations of steels which 
are of different sensitivity to notch effect: Impact tests concern the speed 
at which the metal is deformed. Due to the method of making the notched 
bar test, later described, it is referred to as an impact test. 

These tests — notched bar and impact — are made by breaking or 
deforming a bar, by a blow supplied by a pendulum, and the energy 
required is determined in foot pounds. (See Fig. 369.) 
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Both Charpy and Izod swinging pendulum types are used. The 
general principles are the same. In the Charpy machine, the test specimen 
(see Fig. 368) is supported at both ends 1.575 inches between supports 
placed on a split anvil and broken by a blow opposite the notch. 

In the hod test, the bar is held in a vise, the notch just outside the 
jaws, and broken by a single blow of the swinging pendulum. 

The swinging pendulum is retarded when it strikes the specimen, 
consequently energy is taken from the pendulum. This energy, usually 
expressed in foot pounds, is measured by noting the height to which the 
pendulum rises, which is less than the height from which it started. From 
this difference and the effective weight of the pendulum, the foot-pounds 
of energy removed may be calculated. Usually a pointer restrained by 
friction is so arranged that the motion of the pendulum moves it into 
position and it indicates directly on a suitable scale the foot pounds. This 
is similar to any two-pointer gauge with one pointer arranged to stay 
at maximum reading. 

Inspection of the test specimens shows their differences. Test results 
are not directly related although it is possible to run a series of tests by 
both methods and obtain a calibration curve for each setup. 



fig. 370. Typical Izod impact test specimen of shielded arc weld metal showed shock 
resistance of 74.5 ioot pounds. 

Izod values are usually higher than Charpy due to the greater cross 
section except in those cases where steel is exceedingly sensitive to notch 
effect. Then Izod will be lower, as the V is the more severe notch. 

As mentioned above, Izod or Charpy tests are for continuously, 
although rapidly applied load. Where the load is repeated or varied, 
another test is used. 

Izod tests of weld metal deposited with shielded arc electrodes show 
an impact resistance of 50 to 80 ft. lbs., or 3-8 times higher than weld 
metal deposited with bare or lightly coated electrodes which have im- 
pact resistance of only 8-15 ft. lbs. A typical Izod impact test specimen 
of shielded arc weld metal is shown in Fig. 370. 

Endurance Test — Endurance limit is given in pounds per square inch. 
This is the maximum stress, reversing from tension to compression, to 
which the metal may be subjected, without failure for an unlimited num- 
ber of cycles. 

This resistance of metals to repetition of stress is determined by several 
tests, made under laboratory conditions. By one method, a suitably pre- 
pared specimen is bent back and forth. Another approach is to rotate 
a beam, suitably loaded. A third test is in rotating a cantilever. By each 
method, the specimen is subjected to a definite stress and the number of 
cycles is measured, the cycle usually consisting, of a variation from 
maximum tension to maximum compression — both stresses being imposed 
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by transverse loading. Hence, in this case, the stress range is equal to 
twice the maximum tensile or compression stress. The stress range is 
determined and a record made of the number of cycles imposed before 
failure. 

For usual steels the maximum stress which will permit operation for 
10,000,000 cycles or more is taken as the endurance limit. The reason 
for this is that when tests are made at different unit stresses the number 
of reversals before failure increases as the stress decreases. A point is 
reached beyond which any increase in number of reversals does not pro- 
duce failure. This point is usually at less than 10,000,000 reversals for 
usual steels. 

(Endurance limit for a sound ferrous metal is approximately 45 % of 
its ultimate tensile strength.) 
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Fig. 371. Specimen for fatigue teat of weld metal. 




Fig. 373. Typical fatigue test specimen of shielded arc weld metal after ten million 
reversals with 30.000 lbs. per sq. in. stress In outside fibres. 


A simple endurance test may be made as follows: The test specimen 
(Fig. 371) is mounted in a machine as shown in Fig. 372. It forms the 
center of a discontinuous shaft or tube. The entire assembly is mounted 
in ball bearings at the outer ends of the shaft and is rotated by a small 
motor. Weights are suspended from the shaft assembly by means of 
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ball bearings. This permits placing a load on the specimen and rotating 
the assembly with the load applied. As the assembly rotates, the stress 
is changed from compression to tension with each revolution of the 
specimen. 

Failure of the specimen breaks the shaft assembly and stops the 
motor. Number of reversals of stress are read upon a suitable counting 
indicator. 

Radiographic Tests — The soundness of metals may be studied by 
means of radiographic tests, utilising either the X-ray or gamma rays. 
The films obtained by use of X-ray are called exographs, and those by 
use of gamma rays, gammagraphs. Both are generally termed radiographs. 
The film (radiograph) is obtained by placing it as close to the weld 
surface as practicable, if possible not greater than one inch distant from 
side opposite source of radiation, and exposing it by use of a suitable 
technique. This technique should be such as to determine quantitatively 
the size of defects with thickness equal to and greater than 2% of the 
thickness of the base metal. The radiographs are suitably marked or 
identified and are studied for indications as to slag inclusions, porosity, 
cracks, etc. in the metal. Effectiveness of the method has been demon- 
strated by many thousands of feet of weld which have been radiographed. 
Structures such as Norris Dam pipe (see Fig. 1062) have been X-rayed 
in the field. That the quality of shielded arc welding is very high is 
clearly indicated by these tests. 

Resistance to Corrosion — Corrosion is a problem of interest to every- 
one. The gradual disintegration which occurs in most metals is illustrated 
by the familiar rusting of steel in air. In contrast, corrosive action may 
be speeded up until it becomes quite rapid as when some metals are 
exposed to highly corrosive agents. 

The superior corrosion resistance of weld metal produced with 
shielded arc electrodes is shown by a simple test. Two beads, one made 
with bare or lightly coated electrodes and the other with shielded arc 



Fig. 374. Thin specimen shows the effects of boiling in 50% hydxoc&lorle acid on a 
weld made by box# or washed electrodes in mild steel plate (upper weld), and a weld 
made In the same plate with the shielded arc (lower weld). 
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electrodes, are applied side by side on the same plate. The plate is then 
immersed in mild acid. In a comparatively short time the bead made with 
the bare electrode will become very porous while the shielded arc deposit 
will show no corrosion. See Fig. 374. 



Fig. 375. Cross section of a welded joint made in mild steel with, shielded arc elec- 
trode showing the relative effects of accelerated corrosion (boiling in 50% hydrochloric 
add) on the base metal and the weld metal. 

Accelerated laboratory tests are often employed to determine resist' 
ance to attack by various reagents. Results are measured generally in 
terms of loss of weight per square inch of surface exposed or in inches 
of penetration per month. Under carefully controlled test conditions, 
accurate comparative data may be thus obtained. 

It should be noted, however, that laboratory corrosion tests must be 
interpreted as having occurred under the exact conditions of the tests 
and these tests act only as a guide in judging the performance of the joint, 
in actual field service. 
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PART V 


WELDABILITY OF METALS 

While most metals can be arc welded with more or less satisfactory 
results, the economy and degree of satisfaction of welding various metals 
may be affected by any one of the following factors: 

(a) Oxidation: 

1. Oxidation producing a gaseous oxide of some one of the 
elements causing gas holes in the weld metal. 

2. Oxidation producing solid oxides which have a melting 
temperature higher than the metal, thus causing slag inclu- 
sions. 

3. Oxidation producing oxides which are soluble or which are 
heavier and sink in the molten metal and which render the 
weld metal brittle or of low strength. 

(b) Vaporization: 

Vaporisation of some element in the metal which vaporises 
at a temperature lower than the melting point of the metal. 

(c) Nton'Mctallic Inclusions: 

Some metals may contain finely divided non-metallic inclu- 
sions which have a melting point higher than that of the 
metal and therefore did not coalesce when the metal was 
refined but do melt and coalesce under the high temperature 
of the arc and then form visible slag inclusions. 

(d) Change of Structure: 

Change of Structure or arrangement of elements within the 
metal may take place during arc welding causing change of 
physical properties or change of resistance to corrosion, etc. 

(e) Gas Solubility of Metal: 

1. Different elements may affect the solubility of various gases 
at different temperatures and a decrease in solubility of a gas 
with a decrease in temperature at the freezing point may 
cause porosity in weld metal. 

2. The burning out or elimination of an element during welding 
may cause the capacity of the metal for a given gas to de- 
crease and thus cause the gas to be given up producing 
porosity in the weld metal. 

3. Absorption of gases during welding which form stable com- 
pounds with elements in the metal and thus alter the com- 
position and physical properties of the weld metal. 

(f) High Coefficient of Thermal Expansion or high contraction of 

weld metal upon cooling. 

(g) “Hot Shortness ” or low strength of the metal at high temperatures. 

(h) Thermal Conductivity or rate of transfer of heat from fusion zone. 

The above outline indicates why some metals are more satisfactory 
than others. 
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A careful study of these factors indicates that most of the possible 
undesirable characteristics can be corrected by one or more of the follow' 
ing methods: 

(a) Selection of metal within the permissible class most suitable for 
arc welding. 

(b) Use of a proper shielded arc. 

(c) Use of proper fluxing material. 

(d) Use of proper electrode or filler metal. 

(e) Proper welding procedure. 

(f) In some cases subsequent heat treatment may be required. 

In considering the weldability of any metal it should be borne in mind 
that the weld largely depends upon the characteristics of the weld metal 
which may come from two sources, vis., base metal and electrode or 
filler metal. 

If little or no electrode or filler metal is used the proper selection of 
the base metal becomes of prime importance. If the weld metal comes 
mostly from the electrode or filler metal then the selection of the proper 
electrode or filler metal becomes of prime importance. However, both 
electrode and base metal are subjected to similar requirements during arc 
welding and both should be of best arc welding quality although in many 
cases the electrode or filler metal serves as a corrective for the base metal. 

Why Some Steels Weld Better Than Others 

In steels exclusive of alloy steels the carbon content is the common 
denominator by which different grades of steel are chosen for various 
commercial uses. The carbon content of the various grades of steel ranges 
from approximately .04% to 1.65%. All of the steels may be arc welded; 
however in the case of the higher carbon steels, special technique and 
electrodes are required (see Page 322) . The amount of carbon, however, is 
not the sole determining factor in the weldability of steel. Many addi' 
tions, impurities and alloying elements used in steel affect the arc welding 
characteristics of the steel. Some of these elements are not limited by 
the usual steel specifications. Thus two lots of steel purchased under 
the same commercial specifications may have different welding character' 
istics. Some of the elements found in steel which may affect its gas 
solvent power and arc welding characteristics are aluminum, silicon, 
carbon, manganese, titanium, nickel, vanadium, chromium and 
molybdenum. 

For example, steel having a carbon content below .15% has a very 
high gas absorption power. Thus when such steel is welded considerable 
quantities of gas in the ambient atmosphere are absorbed by the molten 
metal. It is therefore essential that the arc welds in such steel be com' 
pletely shielded during welding. Steel having a silicon content of about 
.1% or greater may make welding unsatisfactory unless other alloying or 
deoxidizing elements are present. Also a content of more than .01% of 
aluminum may cause a poor weld unless the steel also contains a certain 
proportion of other deoxidizing elements. It should be noted that other 
elements may and do affect these limits for aluminum and silicon. How' 
ever, steel having a high aluminum content can be welded satisfactorily 
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if a corrective autogenizer flux or filler metal is applied during the weld- 
ing process. In general, however, the presence of nickel or vanadium 
may improve the weldability of the steel to a small degree. 

If the steel contains slag inclusions which have a melting temperature 
between 1600° and 2500° C., they may melt, coalesce before freezing and 
form slag pits in the weld. Alumina, Al 2 O s , is a typical example of such 
slag material and may result from deoxidizing steel with aluminum, or it 
may come from the furnace or ladle lining. 

A fairly common cause of poor welding quality, which is not apparent 
from analysis of sample taken in the usual way, is segregated layers of 
sulphur in the form of manganese or iron sulphide. These layers cause 
gas pockets or other defects at the fusion line when arc welding. These 
segregated layers can be determined by microscopic examination or more 
easily by deep etching a cross section or by the “Homogeneity Test” 
specifications of the American Society for Testing Materials. 

Homogeneity Test . — A sample taken from a broken tension specimen 
shall not show any single seam or cavity more than J4” in length in 
either of the three fractures obtained in test for homogeneity which shall 
be made as follows: 

The specimen shall be nicked with a chisel or grooved on a machine, 
transversely, about Yiz'in. deep in three places, about 2 in. apart. The 
first groove shall be made 2 inches from the square end; each succeeding 
groove shall be made on the opposite side from the preceding one. The 
specimen shall then be firmly held in a vise with the first groove about 
!4'in. above the jaws; and the projecting end broken off by light blows of 
a hammer, the bending being away from the groove. The specimen shall 
be broken at the other two grooves in the same manner. The object of 
this test is to open and render visible to the eye any seams due to failure 
to weld up or to interpose foreign matter or any cavities due to gas bubbles 
in the ingot. One side of each fracture shall be examined and the lengths 
of the seams and cavities determined, a pocket lens being used if necessary. 

In general, if difficulties arise in arc welding, one of the first things 
to do is check analysis of steel, make radio-graphic tests and make “Homo- 
geneity Tests” as described above. 

Analysis of the steel to be welded should be compared with the 
recommended analyses given hereinbelow. 

From the above discussion of the apparent difficulties encountered in 
welding steel of various analyses, it would appear that where sound, 
tough welds are desired, only certain grades of steel should be used. This, 
however, is not entirely true, as it has been found that with proper weld- 
ing procedure with a completely shielded arc and in some cases with the 
addition of a corrective autogenizer flux or filler metal applied to the 
material to be welded, welds of good physical characteristics can be 
produced in many grades of steel, that would give unsatisfactory results 
without these controlling measures. 

It should be clearly understood that all commercial grades of steel 
are readily weldable except spring steel and tool steel which have high 
carbon content. However, welds in some steels may have better physical 
characteristics than welds in other steels. When the physical character- 
istics are not up to requirements, it must not be immediately inferred 
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that some one particular item is the cause. The following conditions 
should be considered and checked. The welding generator must be 
properly adjusted and connected to the work. The electrode must be 
properly used, that is, the procedure for welding the work at hand must 
be correct and the steel must be readily and easily weldable. Tests for 
chemical content can involve only a very small percentage of the total 
steel used for a given job, consequently the chemical content in some 
part of the steel may not be the same as in some other part. The reader 
is referred to previous remarks regarding sulphur. 

In testing steel for use as electrode weld metal, the percentage of the 
total material is very much larger than in the case of steel as base metal. 
Due to the electrode’s small size, the metal as tested tends to be very 
uniform. It follows that the weldability of the steel must be considered 
as a very important factor. It must not be inferred that only one factor 
can be responsible in case a welded joint does not meet requirements as 
to physical properties. 

Specifications for Steels of Good Weldability 

The importance of using steel of good welding quality increases in 
proportion to the amount of base metal entering into the weld. Steels 
conforming with the following specifications will be of best welding quah 
ity in the respective classes. While some steel not conforming with the 
following specifications may be of good arc welding quality, it is believed 
that steel conscientiously made within these specifications will have good 
quality for arc welding. 

In cases where the steel will be required to withstand considerable 
drawing, forming or have special finish or have special physical properties, 
some modifications of these specifications may be necessary and the steel 
manufacturer should be consulted. 

The general purpose steel, the analysis of which immediately follows, 
is the best for arc welding at high speeds and should be used in all cases 
where physical requirements permit. 


Analysis of General Purpose Steel 


Per Cent Per Cent 

Recommended Limits 

Carbon 17 .15 to .25 

Manganese 45 .35 to .60 

Silicon . , 05 .07 max. 

Sulphur low .05 max. 

Phosphorus .... low .045 max. 

Aluminum not over 2 os, per ton added to steel unless it 


has been semi-killed with siliconf, in which case the 
aluminum addition should be as low as practical. For this 
classification steel can be considered semiskilled with sill- 
con if the silicon content is between .04% and .07%. 

flf silicon is added prior to the aluminum addition in the proper ratio, the non-metallic 
inclusions coming out of the steel during welding will have sufficiently low melting point to be 
srlf-fluxing and will not form slag pockets along the edge of the welds. The addition of aluminum 
or of vanadium seems to have a beneficial effect in reducing the tendency toward porosity of welds 
in silicon-killed steels. 
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The maximum welding speed for soft steel, which permits considerable 
cold forming, will generally be less than that for the higher carbon 
general purpose steel. 


Analysis of Steel for Considerable Cold Forming 

(Most warehouse stock sheets 8 gauge and thinner will 
generally be between .06% and .15% C.) 


Per Cent Per Cent 
Recommended Limits 

Carbon (as high as practical) .06 to .15 

Manganese 40 .35 to .55 

Silicon .07 max. 

Sulphur low .05 max. 

Phosphorus low .045 max. 

Aluminum not over 2 021 . per ton added to steel unless steel 


has been semiskilled with siliconf, in which case the 
aluminum addition should be as low as practical. For this 
classification steel will be considered semi'killed with sill' 
con if silicon content is between .035% and .07%. 


Analysis of .30 Carbon Steel 


Per Cent Per Cent 
Recommended Limits 

Carbon 30* .25 to .35* 

Manganese 60 .50 to .90 

Silicon 06 .09 max. 

Phosphorus low .045 max. 

Sulphur low .055 max. 

Aluminum not over 2 05 . per ton unless the steel has been 


semi'killed with siliconf, in which case the aluminum 
should be as low as practical. For this classification steel 
will be considered semi'killed with silicon if the silicon 
content is between .04% and .09%. 


Analysis of .40 Carbon Steel 


Per Cent Per Cent 

Recommended Limits 

Carbon 40* .35 to .45* 

Manganese 80 .60 to .90 

Silicon 1... .07 .10 max. 

Phosphorus low .045 max. 

Sulphur ..... low .055 max. 

Aluminum not over 2 02 ;. per ton added to steel unless steel 


has been semi'killed with siliconf, in which case the 
aluminum addition should be as low as practical. For this 
classification steel will be considered semi'killed with sili' 
con if the silicon content is between .04% and .10%. 


tlf silicon is added prior to the aluminum addition in the proper ratio, the non* metallic 
inclusions coming out of the steel during welding will have sufficiently low melting point to be 
self'fluxing and will not form slag pocket* along the edge of the welds. The addition of aluminum 
or of vanadium seems to have a beneficial effect in reducing the tendency toward porosity of welds 
in silicon-killed steels. 

•In view of the fact that carbon is the most potent hardening element, lower carbon steel 
should be used for welding if other requirements permit. If steel is higher than .35% carbon and 
optimum physical properties are required, it should be normalised, i.e., reheated slightly above its 
upper critical point and cooled in still air after welding and subsequently heat treated as required. 


Rimmed Steel. — An incompletely deoxidised steel normally containing less than .25% carbon 
and having the following characteristics: 

(a) During solidification an evolution of gas occurs sufficient to maintain a liquid inget top, 
0‘open” steel) until a side and bottom rim of substantial thickness has formed. If the rimminf 
action is intentionally stopped shortly after the mold is filled the oroduct is termed “capped steel. 
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(b) After complete solidification, the ingot consists of two distinct zones: A rim somewhat 
purer than when poured and a core containing scattered blowholes with a mimmura amount of pipe 
and having an average metalloid content somewhat higher than when poured and markedly higher 
in, the upper portion of the ingot. # # . 

Killed Steel. — A steel sufficiently deoxidised to prevent gas evolution during solidification. 
The top surface of the ingot freezes immediately and subsequent shrinkage producesa central pipe. 

A semikilled steel, having been less completely deoxidized, develops sufficient gas evolution 
internally in freezing to replace the pipe by a substantially equivalent volume of rather deep seated 
blow' holes. 


The .40% carbon, steel should be heat treated after welding if best 
results are to be obtained. 

Proper procedures and speeds for welding the general purpose steel 
previously mentioned are given in Part III. 


High Tensile Low Alloy Steels 

With ductility and ease of forming similar to ordinary structural 
steel and a higher yield point obtained without the requirement of heat 
treatment, the low-alloy high-tensile weldable steels serve a most useful 
purpose. The effectiveness of the use of this high tensile steel is illustrated 
in the Machine Design section (Pages 379 to 517). Here, it should be 
borne in mind that the modulus of elasticity of these high tensile steels is 
the same as that of structural steel and that suitable provision must be 
made in the design so that the proper sections, i. e., distribution of metal, 
may be obtained to take advantage of the high tensile strength. 

If in a design, deflection is the governing factor (see Page 389, 
Machine Design), then for a given shape of cross section and load this 
deflection will be the same for any type of steel. However, if the design 
permits a change or modification of the cross section and high tensile steel 
is used, then the maximum unit stress may be increased. This modified 
cross section will be less in area, resulting in a weight reduction and a 
lower cost The higher unit stresses available are governed by the condi- 
tions of loading, the elastic limit, the effect of welding and forming on the 
steel and other physical properties such as resistance to fatigue and 
impact. From consideration of the characteristics of high tensile steel, 
such as its high yield point, it is obvious that a structure built of such 
steel may be sufficiently strong while having a deflection somewhat greater 
than that usually allowed. The exact amount of deflection will, of course, 
be dictated by the design. 

The use of high tensile steels generally results in thinner sections 
because of the high physical properties and resistance to corrosion. Cor- 
rosion resistance prevents the material from becoming thinned and weak- 
ened by corrosive action to the point where unit stresses are increased 
above the maximum allowable value. The use of thinner sections makes 
it necessary to consider such factors as the possibility of buckling under 
load or, in some instances, the drum effect produced by a large thin sheet 
of metal. 

High tensile steels are made in a number of different alloys by various 
steel manufacturers. Analysis and properties of these steels are given 
in the following table, the data having been taken from published 
literature. 




Ccncralloy . 
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As indicated in the table on Page 293 high physical properties are 
obtained in the steels having rather low carbon content. This low carbon 

aids weldability. , , 

As indicated in the discussion of high carbon steel (Page 322) , proper' 
ties such as higher ultimate tensile strength may be obtained by the use 
of carbon content with heat treatment. Also, heat treatment may be 
exceedingly expensive, difficult to apply, and in some cases not effective 

throughout the section. , , ., 

By the use of certain alloying elements, the yield strength and tensile 
strength are increased without a reduction of ductility. Reference to the 
above table will show the effect of these alloying elements on physical 
properties. The alloying elements should be relatively low in cost and 
in general the carbon should be kept relatively low for good weldability. 
With relatively low carbon (as compared to the carbon usually used to 
obtain high ultimate strengths) and manganese ranging from .40% to as 
high as 1.75%, the elongation in 2" may be about 30% and in some cases 
even higher. It should be noted that the increased strength is due to the 
manganese rather than silicon. 

For steels which might be termed "manganese base (manganese 1 % 
or more,) having hardening qualities, the carbon content should be kept 
low for good weldability. Carbon of the order of 12 to 15 points is 
advisable. 

As the use of these high tensile steels increased it was evident that to 
obtain the maximum efficiency it would be necessary to have some corro- 
sion resisting properties so that the design as laid out initially would 
require no greater thickness because of ultimate corrosion than the load 
or service requirement demanded. 

Weldability of course, is also very necessary. Copper was used for 
this purpose up to about 20 to 2? points. 

Copper has long been used in copper-bearing steel of low-carbon 
content for corrosion resistance. When copper is added in larger percent- 
ages than those customary in the “copper-bearing” steel, the effect is to 
improve the physical properties, particularly the ratio of the yield point of 
the metal to the metal’s ultimate strength. This effect can be noted in the 
high tensile steels. In one case adding 1% copper increases the yield point 
as much as 5’0%. 

The samp comments regarding limitation of carbon apply to the weld- 
ability of nickel steel or nickel-copper steel. 

The design problem for low-alloy high-tensile steel does not require 
any special consideration except that it should be kept in mind that for 
maximum efficiency, sections should be laid out so that maximum rigidity 
is obtained. In other words, get the best distribution of the metal, which 
will permit use of high unit stresses. 

The high tensile steels can be welded readily with the proper type 
of shielded arc electrode, designed especially for welding such metals. 
This electrode and correct procedure — generally the same as for welding 
plain carbon steels — will provide welded joints of similar physical 
characteristics to those of the metal welded. Yield points of i 0,000 lbs. 
per sq. in. as compared to 32,000 lbs. per sq. in. for low carbon steel, 
permit considerable weight reductions, in some cases as much as 30% to 
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50% over previous designs of low carbon steel. The chemical composition 
of these various steels indicates a wide variation in the alloying elements 
and their relative proportions. Commercial, and perhaps patent situations 
may have something to do with this. Nevertheless, high yield, high duc- 
tility, high impact and endurance values, ease of forming, good corrosion 
resistance and good weldability are obtainable in these various steels. 

At first thought, it might seem desirable to have a coated electrode 
of composition similar to each of these alloys for their welding. However 
this is unnecessary and in some cases undesirable for frequently, alloyed 
electrodes in going through the arc have their analyses and characteristics 
changed. 

Excellent joints of the same high physical as the base metals may be 
obtained provided a suitable high quality electrode, designed for use with 
low-alloy high-tensile steels, is used. The high quality results obtainable 
are indicated by Fig. 376 which illustrates a free-bend test. This unusual 
test showed a ductility of 86% elongation in outer fibres of the weld. The 
reader s attention is called particularly to the plastic flow of the metal 
on the inner side of the bend. 



Fig. 376. Free bend test of shielded arc weld in high tensile steel which showed 
ductility of 86% elongation in outer fibres. Note plastic flow cxf metal on inside of bend. 


The high quality welds available in high tensile steels, and the inherent 
high physical properties in the steels themselves, make it possible to obtain 
superior service life at very moderate cost. 

For details on welding procedure, see Page 190. ■ < 

In welding high tensile steels, welding current of positive polarity 
is used, that is, electrode positive and work negative. When welding in a 





296 


PROCEDURE HANDBOOK OF ARC WELDING 


flat position the arc voltage ranges between 24 and 28 volts and, in 
some cases, above 30 volts. In general, currents approximately in the 
middle of the range given in the following tabulation should be used: 


electrode 75 to 130 amperes 

$s" electrode 90 to 175 amperes 

tV" electrode 140 to 225 amperes 

J4" electrode - 130 to 325 amperes 

tV' electrode 250 to 400 amperes 


When welding in vertical or overhead position % 2 /f size electrode 
is generally used for most work. However, the % 6 " size electrode is 
used for finish beads on heavy plate. In vertical welding, welding should 
start at the bottom of the joint, building up a shelf of weld metal and 
weaving the electrode from side to side for the full width of the joint. 
Vertical welding is covered in detail on Page 144. In overhead welding the 
weld should be made with several narrow beads. Each bead should be 
entirely cleaned before applying the next bead. Recommended current 
for vertical or overhead welding is as follows: 


14" electrode 75 to 130 amperes 

electrode 100 to 160 amperes 

A" electrode 125 to 180 amperes 


In applications where tensile strength of the weld need not be as high 
as that of the base metal but where other physical characteristics of the 
weld should be comparable to the base metal, a shielded arc type of elec- 
trode as used for welding mild steel can be employed with very satisfac- 
tory results. Welding procedures for use with this type of electrode of 
popular make are the same as given for welding mild steel. (See Pages 
154 to 179). 

One of the high tensile steels used frequently, particularly in piping, 
is known as “carbon moly.” 

Carbon Moly Steels 

Where high pressure (up to 2000 to 2500 lbs./sq. in.) and high 
temperature (up to 800° or 900° F.) is encountered, carbon molybdenum 
steel is used frequently. Analysis of this steel is: 

Carbon 10% 50% 

Manganese 30% 60% 

Silicon 10% 20% 

Molybdenum .20% 60% 

Phosphorus 04% max. 

Sulphur 05% 

Physical properties are: 

Ultimate tensile strength — 75,000 lbs./sq. in. 

Yield point — 45,000 — 50,000 lbs./sq. in. 

Ductility — 22% — 26% elongation in 2". 

(These may vary slightly depending upon exact analysis.) 
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When stress relieved, the ultimate tensile strength is 65,000 — 70,000 
lbs./sq. in., yield point is 50,000 — 60,000 lbs./sq. in., and ductility is 
26% — 28% elongation in 2". 

When carbon content is low (approximately .15%), these steels are 
readily weldable. In pressure vessels, this low carbon content may be 
used, but in piping carbon of the order of .30% should be present. In 
this case, preheating is generally required. The preheat temperature is 
usually from 400° to 650° F., its purpose being to reduce the rate of 
cooling (see high carbon steel — Page 322). 

Welding procedure is essentially the same as for mild steel. In the 
case of piping, a back up ring is recommended generally to keep the 
inside of the pipe clean. The ring, not inset in the pipe, causes only 
slight obstruction which is not objectionable, in most cases. 

Stress relieving is generally specified when the thickness of the metal is 
greater than 34". Temperature of 1200° — 1250° F. is used with usual 
procedure as to time of heating (one hour per inch of thickness) and 
length of pipe heated (6 times thickness on each side of weld) . 

The cooling rate is from 200° — 250° F, per hour down to 
150° — 200° F. in which case cooling may be done in still air. Stress 
relieving may be done electrically. See Page 102 discussing use A. C. 
motor generator sets for this purpose. 

Abrasion Resisting Steels 

Steels of relatively high carbon content (above .15% to .20%) have 
a corresponding greater hardenability and consequently are abrasion- 
resisting to a considerable degree. This is due to high carbon content, and 
should not be credited to the other alloying elements. 

There are also steels with low carbon and some manganese (up to 
1.00% to 1.25%), copper and chromium which have 30% to 50% greater 
resistance to abrasion than mild steel. 

The welding of steels of this class is discussed elsewhere (Page 322) 
but it is well to keep in mind the general conditions of welding high car- 
bon steels (Page 320). Where alloys other than carbon are used, the 
steels are weldable to a high degree, but even here attention should be 
given the alloys used and their effect on hardenability. 

Cold Rolled Steel 

One of several different kinds of cold finished steels is what is known 
as “cold rolled”; the term designating the method of reducing the cross 
section of bars or shafting. A good surface is obtained by various proc- 
esses, prior to the mechanical treatment. The result is a product with 
bright, smooth finish, accurate as to she, with an increase in tensile 
strength and yield point, and readily machinable. It is therefore used 
where accurate, smooth surfaces are desired, such as for jigs and fixtures. 
The readily machinable characteristic is frequently obtained by use of 
sulphur, which produces a free cutting steel — but this sulphur is the 
cause of porosity when welded. However, cold rolled of weldable quality 
may be obtained when specified. Proper content of carbon (see Page 290) 
is necessary. 
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When sulphur is high (see Page 290) then it is advisable to use a pro- 
cedure and electrode which will result in minimum penetration, but 
adequate fusion so as to result in minimum amount of base metal being 
washed into the bead, thereby reducing porosity. 


Chrome-Molybdenum Steel 

The analysis of chrome-molybdenum steel is approximately as follows: 


Carbon 

Manganese ... 
Phosphorus ... 

Sulphur 

Chromium ... 
Molybdenum 


.25% to .35% 
.40% to .60% 
.040% max. 
.045% max. 
.80% to 1.10% 
.15% to .25% 


ASTM Spec, 182-36 Grade F7 applications for use at temperatures 
between 750° and 1100° F. for pipe flanges, valves, fittings, etc. 

Specifications for the strength of chrome-molybdenum steel vary. 
United States Army requires a minimum tensile strength of 125,000 lbs. 
per sq. in. after heat treatment. Chrome-molybdenum steel, unheat- 
treated, has a tensile strength in the neighborhood of 80,000 lbs. per sq. 
in. However, after proper heat treatment its tensile strength will range 
from 125,000 to 160,000 lbs. per sq. in. Likewise tensile strength of welds 
made in chrome-molybdenum steel approximately doubles on heat 
treatment. 

With the shielded arc process using a metallic electrode having a 
heavy extruded coating welds may be produced in chrome-molybdenum 
steel having a tensile strength of 125,000 to 150,000 lbs. per sq. in. after 
heat treatment. Before proper heat treatment such welds will develop a 
tensile strength of 60,000 to 80,000 lbs. per sq. in. 

Using a carbon arc with a piece of the base metal as filler material, 
welds can be produced in chrome-molybdenum steel having a tensile 
strength of 60,000 to 70,000 lbs. per sq. in. before heat treatment. After 
proper heat treatment welds so produced will show a tensile strength 
of 125,000 to 160,000 lbs. per sq. in. One of the reasons for the higher 
tensile strength of weld metal in chrome-molybdenum steel is due to the 
mixture of base metal with deposited metal in the weld. Although the 
manual carbon arc with filler material of chrome-molybdenum steel will 
give the best results, this method of welding is not as fast or as easy to 
handle as the shielded arc process with metallic electrodes. 

For welding chrome-molybdenum steel the shielded arc process 
using a shielded arc electrode is most satisfactory. 

Procedure for an electrode especially developed for SAE 4130 and 
X 4130 steels (analysis given above) is as follows: Polarity: Electrode 


negative, work positive. 



Size 

Amperage 

Arc 

Electrode 


Voltage 

V&” 

65 — 120 

23-26 

A* 

80-160 

23-26 
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Heat treatment to be used after welding with electric arc is approxi" 
mately as follows: 

1. Normalise to 1650°-1750° F. and cool slowly in furnace below 
red heat. 

2. Heat to 1550°-1655° F. and quench in light oil. 

3. Draw 950° F. or other temperature to secure desired hardness. 

Chrome-Nickel (‘‘Stainless”) Steels 

What is known to the layman as “Stainless Steel” is the most widely 
used of the chromemickeHron group. Strictly speaking, stainless steel is 
an alloy of iron, chromium and carbon. The amount of carbon is such 
that the alloy hardens upon quenching. This alloy is suitable for cutlery, 
surgical instruments and applications where high physical properties, 
hardness and wear resistance are required. It does not lend itself to 
deep drawing, forming or welding. Preceded by a careful heat treatment, 
this requires careful polishing to develop its corrosion resisting properties. 

“Stainless Steel” is a term popularly used to designate all stainless 
alloys. There is a distinction between stainless steel and stainless iron. 

Stainless iron, when called stainless steel, is generally an alloy of 
chromium, nickel and iron, with very low carbon. In this group, known 
as 18'8 group are Allegheny Metal, Enduro KA 2, Resistal KA 2, 
Uniloy, Duralloy 18-8, Sterling Nirosta, U. S. S. 18"8, Bethadur No. 2, 
Nevastain, Colonial Stainless, Undivall 2VA and many others. 

In the 25"12 group are: Republic Steel Corp.’s Enduro HCN, Uni" 
versal Steel Co.’s Uniloy Special 2411, U. S. Steel Corp.’s U. S. S. 2512, 
Crucible Steel Co.’s Rezistal 3, Jessop Steel Co.’s Heat Resisting No. 5, 
Allegheny Steel Co.’s Allegheny No. 44, Latrobe Electric Steel Co.’s 
Lesco 21"12, Midvale Co.’s Midvaloy 25 -10, General Alloys Co.’s Q 
Alloy Chrome CNl, Sivyer Steel Casting Co.’s Sivyer 62, Cooper 
Alloy Foundry Co.’s Sweetalloy 22, Michiana Products Corp.’s 100 
Alloy, Duralloy Co.’s Duralloy N, Empire Steel Casting Co.’s Empire 
24T2, Calorising Co.’s Calite B"28. 

There are a host of different types put out by various companies under 
different trade names. Most of these have been classified and given stand" 
ard type numbers by the Iron and Steel Institute. These standard type 
numbers and analyses applicable thereto, are reproduced in the follow" 
ing table. 

In looking over the analyses in the table, it will be noted that in general 
they can be divided into two classes. 

1. Chrome Nickel Alloys (Austenitic) 

2. Straight Chrome Alloys (Ferritic) 

The Chrome Nickel types containing approximately 17% or more 
chromium with 7% or more nickel are soft and tough as welded, harden 
quite rapidly when cold worked, are nonmagnetic and cannot be hard" 
ened by any form of heat treatment; in fact, quenching from 2000° F. 
merely softens them and this treatment is used to put these steels in the 
best condition to resist corrosion. 
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Stainless Steel Type Numbers and Analyses 


Issued by the American Iron and Steel Institute* New York. 


lir 

Carbon 

Chromium 

Nickel 

Other Elements 

30IX 

.10-. 20 

16.00-17.50 

7.00- 8.50 


*302 

Over .08-. 20 

17.50-19.00 

8.00- 9.00 


302B 

Over .08-. 20 

17.5Chl9.00 

8.00- 9.00 

Si 2.00-3.00 

*303 

.20 Max. 

17.50-19.00 

8.00- 9.00 

S or Sc .07 Min or Mo 




.60 Max 

x304 

.08 Max. 

17.50-19.00 

8.00- 9.00 


*305 

Over .08-. 20 

18.00-20.00 

9.00-10.00 


x306 

.08 Max. 

18.00-20.00 

9.00-10.00 


*307 

Over .08-. 20 

20.00-22.00 

10.00-12.00 


x308 

.08 Max. 

20.00-22.00 

10.00-12.00 


309 

.20 Max. 

22.00-26.00 

12.00-14.00 


310 

.25 Max. 

24.00-26.00 

19.00-21.00 


311 

.25 Max. 

19.00-21.00 

24.00-26.00 


312 

.25 Max. 

27.00-31.00 

8.00-10.00 


315 

.15 Max. 

17.00-19.00 

7.00- 9-50 

Cu 1.00-1.50 

Mo 1.00-1.50 

x316 

.10 Max. 

16.00-18.00 

14.00 Max. 

Mo 2.00-3.00 

317 

.10 Max. 

18.00-20.00 

14.00 Max. 

Mo 3.00-4.00 

321 

.10 Max. 

17.00-20.00 

7.00-10.00 j 

Ti Min 4 x C 

325 

.25 Max. 

7.00-10.00 

19.00-23 00 

Cu 1.00-1.50 

327 

.25 Max. 

25.00-30.00 

3.00- 5.00 


329 

.10 Max. 

25.00-30.00 

3.00- 5.00 

Mo 1.00-1.50 

330 

. 25 Max. 

14.00-16.00 

33.00-36.00 


343 

Over .25 

12.00-16.00 

12.00-16.00 

W 3.00 

347 

.10 Max. 

17.00-20.00 

8.00-12.00 

Cb 10 x C 

403 

.12 Max. 

11.50-13.00 


Turbine Quality 

405 

.08 Max. 

11.50-13.50 


A1 .10-. 20 

406 

.12 Max. 

12.00-14.00 


AI 4.00-4.50 

410 

.12 Max. 

10.00-13-50 



414 

.12 Max. 

10.00-13.50 

2.00 Max. 


416 

.12 Max. 

12.00-14.00 


S or Sc .07 Min or Mo 





.60 Max 

418 

.12 Max. 

12.00-14.00 


W 2.50-3-50 

420 

Over .12 

12.00-14.00 

! 

i 


420F 

Over .12 

12.00-14.00 


S or Se .07 Min or Mo 





.60 Max 

430 

.12 Max. 

14.00-18.00 



430F 

.12 Max. 

14.00-18.00 


S or Se .07 Min or Mo 





.60 Max 

431 

.15 Max. 

14.00-18.00 

2.00 Max. 


434A 

.12 Max. 

14.00-18.00 


Si 1.00 Cu 1.00 

438 

,12 Max. 

16.00-18.00 


W 2.50-3.50 

439 

,50-. 65 

8.00 


W 8,00 

440 

Over .12 

14.00-18.00 



441 

Over .15 

14.00-18.00 

2.00 Max. 


442 

.35 Max. 

18.00-23.00 



446 

.35 Max. 

23.00-30.00 



501 

Over .10 

4.00- 6.00 



502 

.10 Max. 

4.00- 6.00 




♦No specified composition limits within the above ranges may be placed on these Types, except 
carbon may be specified to a four point range within the above limits. 

Where definite carbon content ,11 or under is specified for Types 302* 305 and 307, the price 
of Types 304* 306 and 308 respectively apply. 

xln these types manufacturers may accept specifications and furnish material with a guaranteed 
carbon content of .08 maximum. 
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The straight chrome types, containing 12% or more chromium with 
no nickel, are brittle as welded, do not respond to annealing, do not 
harden much with cold working and are magnetic. 

There are, of course, a variety of analyses under each of these classes, 
but a computation of the tonnages shows that the most commonly and 
most widely used is the so-called 18-8 variety — that is, having approxi- 
mately 18% chromium and 8% nickel. (Type Nos. 302, 302-B, 303, 304, 
305 6? 306.) 

Some of the more important properties of annealed 18-8 are listed 
below, taken from published sources: 


Tensile Strength 85,000-95,000 lbs./sq. in. 

Yield Point 30,000-40,000 lbs./sq. in. 

Elongation in 2" 55-60% 

Reduction of area 60-70% 

Hardness 135-180 Brinell — 77-90 Rockwell B. 

Izod Impact 80-120 ft. lbs. 

Endurance Limit Fatigue value is usually 40% to 45% of 

ultimate strength. Ultimate given is for 
annealed metal. Work hardening will in- 
crease ultimate. 

Specific Gravity 7.86 Grams / cu. cm. 

Specific Heat .12 Cal / °C / gm. 

Thermal Conductivity .33 of Low Carbon Steel 

Electrical Resistance 6.4 times that of Low Carbon Steel 

Thermal Expansion 1.45 times that of Low Carbon Steel 

Modulus of Elasticity 28,000,000-30,000,000 

Melting Point 2560° F. 


Approx. Scaling Temperature 1650° F. (Average, in Air) 

Perhaps the most important property of 18-8 is its resistance to corro- 
sion. There has been no single metal found in nature, not even excepting 
gold and platinum, which is unaffected by corrosive attack in all environ- 
ments, and no alloy has been developed which remains unattacked in all 
solutions. The Stainless Iron types of alloys are clearly the cheapest alloys 
which offer ample resistance to attack under some of the commonest and 
most active conditions. The industrial reagents which are incapable of 
attacking clean surfaces of low carbon fully annealed 18-8 under labora- 
tory conditions would make up a very long list, and no attempt will be 
made here to tabulate all of them. Some idea of the many applications 
for 18-8 stainless steel may be gained from the following examples of 
reagents to which such steels are resistant. Acetic acid, cold, at any con- 
centration; acetic acid, hot, up to approximately 10%; alkaline solutions 
in general, including ammonium hydroxide; bichloride of mercury, dilute 
(usual antiseptic strength) ; carbolic acid; carbonated water, citric add, 
cold, moderate strength; copper sulphate; fruit and vegetable juices; 
hydrogen peroxide, hydrogen sulphide; laundry solutions with a few 
exceptions; milk and dairy products; nitric add; photographic solutions; 
salt solution; sea water; sulphuric acid, cold (very slight action); sul- 
phurous add; wood pulp; yeast; zinc chloride, cold; zinc sulphate. 

It should also be mentioned that at ordinary natural temperatures, 
the atmosphere, with its usual traces of corrosive gases and variable mois- 
ture, leaves no evidence of attack upon the surface of 18-8. 



302 


PROCEDURE HANDBOOK OF ARC WELDING 


Care must be taken in the application of stainless steels. It is quite 
true that the 18-8 stainless material will withstand certain solutions under 
laboratory conditions, but when these conditions are encountered in 
service the laboratory results are frequently found to be misleading. This 
condition arises because of small traces of various other substances found 
in the practical applications, and although these substances are present 
in traces they nevertheless cause the behavior of the solution with the 
metal to be entirely different, frequently resulting in failures. 

As will be noted in the table of analyses, there are various modifica- 
tions of the 18-8 alloy, each of which has certain advantages under cer- 
tain conditions of service over the regular 18-8. For example. Type No. 
303 contains a relatively high percentage of Sulphur or Selenium which 
gives the alloy free machining properties. Type 302-B, containing 2.00- 
3.00% Silicon, is used for resistance to scaling up to 1700° F. Type 316, 
containin g 2.00-4.00% molybdenum has a higher creep strength than 
regular 18-8 and is more resistant to corrosion by hot sulphite liquors and 
bleaches encountered in the paper pulp industry. Others, such as 305, 
306, 307 and 308 contain slightly higher percentages of chromium and 
nickel, preferred in some cases for special applications. 

As has been previously mentioned, the regular 18-8 alloy, in order 
to r esis t corrosion to its fullest extent, must be in its annealed condition, 
in which the carbon is present in solid solution. Unfortunately, this alloy 
is unstable under certain forms of heat treatment, namely, when heated 
in the range between 800° F. and 1400° F.; they undergo a structural 
change which is detrimental to their corrosion resistant properties, al- 
though in some cases their mechanical properties may not be affected 
to an appreciable extent. The cause of this defect is thought to be due to 
the preciptation at the grain boundaries of very fine films of chromium- 
rich carbides, containing as much as 90% chromium taken from the layer 
of metal immediately adjacent the grain boundary. Under these condi- 
tions the chromium content of the metal adjacent the grain boundaries 
may be so reduced that its resistance to corrosion will be seriously im- 
paired. This phenomenon is generally spoken of as carbide precipitation 
and the type of corrosion which is then very likely to occur is commonly 
known as intergranular corrosion. The conditions necessary to produce 
this change are easily realized during welding, that is heating between 
800° F. and 1400° F. 

Various methods of reducing or preventing intergranular corrosion 
have been devised. Heating the welded article to 1850 o -2100° F. and 
rapidly cooling by quenching causes a solution of the precipitated car- 
bides thus eliminating their presence. They will, however, be pre- 
cipitated again by reheating to 800° to 1400° F., but this treatment 
may cause distortion of finished parts and in the case of large welded 
structures may be impossible. 

An obvious remedy is to reduce the carbon content of the alloy to such 
a low value that no carbide could be precipitated. It has been found that 
18-8 with a carbon content of .02% is free from susceptibility to inter- 
granular corrosion. However, the cost of production of such an alloy is 
very high and it is not commercially available. 18-8 with .08% carbon 
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maximum is usually specified for welded structures and electrode which 
contains .05 to .07% carbon is used in order to minimize carbide 
precipitation. 

A more recent development of a method of preventing impoverish' 
ment of chromium is the addition of an alloying element which has a 
greater affinity for carbon than has chromium. Types Nos. 320, 321 are 
such alloys. Titanium being the stabilizing element. Such alloys are 
widely used for welded members. Though susceptibility to intergranular 
corrosion in areas adjacent the weld can be effectively prevented by the 
use of these types, addition of Titanium to welding electrodes has not 
been entirely successful as most of it is lost during welding. Types 345 
and 346 have Columbium as a stabilizing element. Since Columbium is 
equally as effective and is not lost in the welding operation, freedom from 
intergranular corrosion in the weld metal is now possible by the use of 
an electrode which contains this element in suitable proportions. 

Another group or alloy is that coming to be known as 25-12 to dis- 
tinguish it from 18-8. The same general remarks are applicable. This 
is used for heat resistance up to very high temperatures, such as might 
be in a chemical plant, heaters, refinery equipment. It resists scaling 
to a greater degree than 18-8. 

Alloys other than 18' 8 and 25' 12 are coming into more extensive 
use. One of these is Type 316,18'8MO. This type has greater resistance 
to certain types of corrosion than the regular 18'8. The addition of 
Molybdenum has been particularly advantageous where the corrosive 
agent tends to be of a reducing nature. This alloy has increased 
resistance to sulphuric, sulphurous, hydrochloric, acetic, phosphoric, 
fonnic, citric, tartaric, etc. acids and has been quite successful in han- 
dling such adds as sulphite pulp liquor in paper and pulp mill equip- 
ment, also bleaching solutions and coal or oil smoke. 

Physical characteristics of this alloy are similar to the 18-8 type but 
the creep strength is improved, thus making its use in high temperature 
applications advantageous. No heat treatment is usually required after 
welding. Molybdenum is said to act as a partial stabilizing agent in 
reducing the carbide precipitate. It is not, however, a complete stabilize^, 
but does assist in reducing the effect of corrosive attacksw 

There ate too many additional alloys to discuss in this book, how- 
ever, the so-called 25-20 or Type 310 is used quite extensively. This is 
used where high strength and greatest oxidation resistance is wanted at 
highest temperatures. 

An electrode of this type (310) is now being used to weld alloyed 
steels of the so-called armor plate type. 

The welding of these alloys presents similar problems in general and 
their welding wll be discussed as a group. 

General Procedure— The general procedure for mild steel welding 
shoidd be followed, takmg hn^^account die stainless steel characteristics 
which differ from thosebf mild steel. They are higher electrical resistance, 
lower thermal conductivity and higher thermal expansion (about 50% 
greater than mild steel). 



304 


PROCEDURE HANDBOOK OP ARC WELDING 


In welding the stainless steels, it is important to prepare and fit the 
work carefully. The edges should be clean of all foreign material. Espe- 
dally in light gauges, the work should be clamped and held in alignment 
during welding to reduce any tendency to buckle. 

Direct curr ent is recommended with the electrode positive and the 
work negative. The recommended current will be slightly less than for 
milrj steel. The arc length should be as short as possible without sticking. 

Electrodes J4" or larger should be used with caution to avoid undue 
loss of the chromium. Excessive weaving in any size should be avoided. 
In general a weld made with a number of straight beads is recommended. 
Care must be taken to clean thoroughly all slag from each bead before 
another is applied. 

Since the electrical resistance of stainless electrode is high, it is ad' 
visable to use electrodes shorter than usual to avoid overheating of the 
electrode. A heavily coated electrode should be used. The core wire 
should be of approximately the same analysis as the plate. Columbium 
either in the electrode or in the coating is usually used to prevent inter- 
granular corrosion in the case of the 18-8 type, its value in other grades 
is questionable. 

After welding, discoloration may be noted for a short distance on each 
side of the weld. This is a surface oxide formed by the high heat of 
welding. It is regarded as a surface condition and not harmful and can 
be removed by pickling or grinding and polishing. 

A few typical applications have been chosen and the welding pro- 
cedures outlined for general guidance. A group of photographs of welds 
in 18-8 stainless steel is shown in Fig. 377. 



Fig. 377. Weld* In 14 gauge stainless steeL (1) Fillet weld, downhand position. 
(2) Comer weld, portion ground off to show resemblance to parent metal. (3) Fillet weld# 
vertical position. 
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The speeds given in these selected procedures or applications are actual 
welding time only with no allowance for fatigue, cleaning, setting up, etc., 
as these items vary greatly in different shops. 

Any specific application should be studied very carefully and the 
procedure modified accordingly, taking into consideration such conditions 
as quality of weld, fit-up and the rate of dissipation of heat for various 
plate thicknesses. 

The pounds of electrodes per foot of weld will, of course, vary with 
fit-up, bead reinforcement, etc., but data given are for average fit-up, little 
reinforcement, and include waste, stub ends, etc. 


!&GA. 



Fig. 378. 
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Fig. 379. 
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Fig. 380. 
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Fig. 381. 


Tlq. 382. 


Fig. 383. 


Butt Welds in 18-8 and 25-12 Stainless Steel 


Type of Joint & 
Plate Thickness 

Pass 

No. 

Wire 

Size 

Amps. 

Volts 

Arc Speed 

Lbs. Electrode 
Per Ft. of Weld 

In./Min. 

Ft./Hr. 

18 ga. Fig. 378 

1 

% 

45 

i 

23 

15 

75 

.020 

14 ga. Fig. 379 

1 

□ 

60 

24 

12 

60 

.038 

H" Fig. 380 

1 

yi 

90 

25 

9 

45 

.08 

Xi' Fig. 381 

1 

Hi 

125 

26 

7 

35 

.150 

y." Fig. 382 

1 

% 

125 

26 

6 

17,5 

.34 

1 

. - - - ! 

2* 

% 

160 

26 

8 




1 


125 

26 

6 



H' Fig. 383 

2 


160 

26 

8 

12 

.51 


3* 

% 

160 

26 

8 




Note: Copper backing up bar should be grooved approx. ** x deep. 
* Use slight weave. 
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Fig. 384. 


Fig. 385. 


Fig. 386. 


?TP-» 

I r-H * 

I .JLL.J& 


3 ^«» 

3/8 

rig. 387. 

Fig. 388. 

Fig. 389. 


Lap Welds in 18-8 and 2542 Stainless Steel 


Type of Joint & 

Pass 

Wire 


Volts 

Arc Speed 

Lbs. Electrode 

Plate Thickness 

No. 

Size 

Amps. 

In./Min. 

Ft./Hr. 

Per Ft. of Weld 

18 ga. 

Fig. 384 

1 

& 

45 

23 

13 

65 

023 

14 ga. 

Fig. 385 

1 

Q 

65 

24 

13 

65 

.036 


Fig. 386 

1 

H 

90 

2 5 ] 

13 

65 

.056 


Fig. 387 

1 

% 

125 

26 

10 

50 

.105 



1 

He 

160 

26 

6.5 

32.5 

.22 


Fig. 389 

mm 

He 

160 

26 

8 

21.25 

.34 


Hi 

He 

160 

26 

9 




♦Very alight weave. 
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Fillet Welds in 18'8 and 25-12 Stainless Steel 


Type of Joint & 
Plate Thickness 

Pass 

Wire 

Amps. 

Volts 

Arc Speed 

Lbs. Electrode 

No. 

Size 

In. /Min. 

Ft./Hr. 

Per Ft. of Weld 

18 ga. Fig. 390 

1 

% 

45 

23 

■ 

9 

45 

.034 

14 ga. Fig. 391 

1 

% 


24 

9 

45 

.052 

W Fig. 392 

1 

H 


25 

9 

45 

.079 

W Fig. 393 

1 

Hi 

125 

26 

7 

35 

.149 

J4' Fig. 394 

1 

He 

160 

26 

5.5 

27.5 

.262 

Fig. 395 

1* 

Ha 

160 

26 

5.5 

17.5 

.40 

2 

EH 

160 

26 

8.5 




♦Very slight weave. 



Fig. 402. 


Fig. 403. 


Fig. 404. 


Fly. 405. 
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Corner Welds in 18-8 and 25-12 Stainless Steel 


Type of Joint & 

Pass 

Wire 



Arc Speed 

Lbs. Electrode 

Plate Thickness 

No. 

Size 

Amps* 



Per Ft. of Weld 

18 ga. 

Fig. 396 

1 

% 

45 

23 

19 

95 

.016 

14 ga. 

Fig. 397 

1 

a 

60 

24 

15 

75 

.028 

X" 

Fig. 398 

1 

X 

90 

25 

13 

65 

.057 

*' 

Fig. 399 

1 

a 

125 

26 

11 

55 

094 

X' 

Fig. 400 

1 

Hi 

160 

26 

7 ! 

35 

.21 

H’ 

Fig. 403 

1 

mm 

160 

26 

8 

17.5 

.40 


2* 

mm 

160 

26 

6 





Edob Welds in 18-8 and 25-12 Stainlbss 

Steel 


18 ga. 

Fig. 402 

1 

Hi 

45 

23 


100 

.015 

14 ga. 

Fig. 403 

flng 

m 

60 

24 


90 

,025 

X" 

Fig. 404 

- ’ ' 

X 

90 

25 


75 

.047 

w 

Fig. 405 

| 

mm 

125 

26 


60 

.087 


♦Very slight weave. 


Vertical Welding of Stainless Steel 

Vertical welding is generally recommended welding up. Technique 
similar to that for mild steel welding should be followed. Use size 
electrode and current shown. 


1460 

n«. 4o». 
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44- a 

Fig. 407. 

Op, 
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ng. 408. 

1460. 

V 

Mb 

Fig. 409. 

Hg. 410. 

Hg. 411. 

Ik 

fk 
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Ml 

ZI-V, 5 

Mb 

Fig. 412. 

ng. 413. 

Fig. 414. 
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Type of Joint & 

Pass 

Wire 

Amps. 

Volts 

Arc Speed 

Lbs. Electrode 

Plate Thickness 

No. 

Size 

In./Min, 

Ft./Hr. 

Per Ft. of Weld 

Butt Welds Vert 

ICAL 

■ 






14 ga. Fig. 406 

1 

□ 

50 

24 

8.5 

42.5 

.041 

A' Fig. 407 

1 

A 

65 


6 

30 

.087 

W Fig. 408 

1 

A 

65 

25 

3-5 

17.5 

.150 

Lap Welds Vbrti< 

:al 

H 






14 ga. Fig. 409 

1 


50 

24 

6 

30 

.058 

A" Fig. 410 

1 

A 

65 

25 

5.5 

27.5 

.091 

Ht" Fig. 411 

1 

A 

80 

25 

5 

25 

.123 

Fillet Welds Vej 

ITICAL 







14 ga. Fig. 412 

1 

IS 

50 

24 

4.5 

22.5 

.092 

A" Fig. 413 

1 

A 

65 

25 

4.5 

22.5 

.120 

Fig. 414 

1 

A 

80 

25 

4 

20 

.151 


Overhead Welding — In general the same preparation, fit-up and cur- 
rents as used in vertical welding apply to overhead welding with the ex- 
ception that the weld is made generally with a number of straight beads. 
Care must be taken to clean thoroughly all slag from each bead before 
another is applied. 


Stainless Clad Steel 

Stainless clad steel is a ply material having a thin surface of true 
stainless steel, usually about 20 % of the total thickness, on a foundation 
of soft or mild steel. It was developed to provide the corrosion-resisting 
advantages of solid stainless steel at a reduced cost. 

It is evident that if a sheet or plate has a thin surface of the relatively 
costly stainless steel, the bulk of the sheet or plate being ordinary steel, 
the cost of the stainless clad product will be much lower than if it were 
made up entirely of solid stainless steel. On this basis stainless clad steel 
has found acceptance for many applications where the corrosion re- 
sistance of stainless steel is desired, but where the economy of the clad 
steel dictated its use. 

Three typical stainless steel analyses include regular 18-8 Low Carbon 
Type 304; 18-8 Columbium bearing Type 347; 18-8 Molybdenum bearing 
Types 316 and 317. Many other analyses are also regularly supplied. 
(See Page 300 for analyses.) 

The regular 18-8 type 304 analysis is used on a great many applica- 
tions. Where the corrosion resistance of type 304 does not meet the 
service requirements, another type, such as 316, 317, s or 347 may be used. 
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The Columbium-stabilized type 347 is used for applications where 
equipment must operate in the presence of elevated temperatures in com" 
bination with corrosion conditions. It is also desirable for parts that must 
be heated for forming in the process of fabrication. 

The selection of the type or analysis to be used must be given careful 
consideration inasmuch as the performance of equipment depends upon it 
directly. (See Page 300). 

The physical properties of stainless clad steel are a combination of the 
physical properties of the two metals — mild steel and stainless steel — 
which form the combined sheet or plate. 

Metallic Arc Welding — Two sides are to be welded, the stainless 
side and the steel side. When welding the stainless side of stainless clad 
by the metallic arc method, the electrode should be positive and the work 
negative (reversed polarity) . Electrodes should be of the proper analysis 
for the cladding being welded. In the case of the 18% chromed % nickel 
cladding it has been found that the 24% chrome- 12% nickel electrode 
offers a corrosion resistance equal to or superior to that of the stainless 
surface. However, the 18% chrome-8 % nickel electrode (with a 
carbon content not to exceed .08%) has been successfully used. When 
welding sheets thinner than % 6 " it is advisable that the electrode have 
a higher alloy content than that of the material being welded. 

Welding Stainless Steel to Mild Steel — Generally an electrode of 
25-12 analysis is used. A good general purpose shielded arc electrode steel 
is also used in some cases with excellent results. It must be recognized 
that some place in the joint there is a transition from the stainless steel 
to steel. 

Make the weld bead in multiple passes to minimize the amount of 
dilution on the surface of the bead. Where it is required that the weld 
be thade in one pass, the use of 25-12 electrode is to be preferred because 
it gives a deposit of high ductility. 

In cases where general purpose shielded arc electrode has been used 
in multiple passes, it has been found to be very ductile. In the case of a 
single pass, it may be effected by the inwash of the parent metal. Both 
methods have been used successfully. 



OD 


(a) Good results may 
be obtained with spac- 
ing same as lor stool 
shoots ol scans thick- 
ness between edges. 


(b) Weld from stain- 
less side first with 2542 
electrode. Maximum 
fusion between edges 
is required. 


(c) To complete Joint 
— weld from steel side 
(stainless electrode 25- 
12 ). 


Fig. 414-A. Recommended procedure for welding stainless clad 12 gauge and thinner. 
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(a) Edges are beveled 
by chipping or grind- 
ing. Approximately & 
of mild steel shoulder 
is left under cladding. 
Spacing plates as for 
steel of same thick- 
ness. 


(b) Weld first from 
stainless side using 
stainless electrode 
and obtaining good 
penetration and fu- 
sion. 


(c) Complete Joint 
by welding on mild 
steel side using 
shielded electrode foi 
mild steel. 


Fig. 415. Recommended procedure for welding stainless clad No. 10 gauge to &• 





(a) "TJ" groove 
similar to mild 
steel groove for 
same thickness 
plate leaving 
shoulder of mild 
steel back of 
cladding. 


(b) Double "V" (c) Weld steel side first, multiple beads 

groove — Note mild steel shielded arc electrode, 
point of bevel 
and larger level 
is in mild steel. 


i_A — i 



(d) Chip with pneumatic hammer or (e) Complete Joint by welding stainless 

grind with narrow rubber bonded wheel. side with stainless electrode. 

Fig. 416. Recommended procedure for preparation of and heavier stainless clad 
plate — planing equipment being used. 


The amperage used for welding the stainless steel surface should not 
be excessive. Generally somewhat lower than for steel electrode 
(shielded) of same diameter. Consult Procedures on 18-8 and 25-12. 
(Pages 303-309.) Excessive amperage will cause overheating of sheet in 
weld area, and overheating of welding electrode. Extremely low amperage 
will cause slag inclusions and lack of fusion. It is advisable to make trial 
welds before beginning a job because prevailing conditions, analysis, type 
of coating, amount of coating, length of electrode, etc., have definite 
bearing on the amperage required for each diameter of electrode. 

The required electrode diameter for various sheet and plate thickness 
is approximately as follows: 

%/' for sheets under No. 14 gauge 
%2 " for 16 gauge to W' 

J4" for y§” to Yi' 

% 2 " for % 6 " to 1" 
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When welding the lighter gauges of stainless clad it is advisable to 
use chill bars wherever possible, since it is necessary that the weld and 
adjacent metal cool quickly. On heavy material this is not necessary 
because the mild steel backing acts effectively as a chill. 

Since mild steel normally comprises 80% of the total thickness of 
stainless clad, the heat is dissipated more rapidly than would be the case in 
like gauges of solid stainless steel sheets or plates, due to the relatively 
high heat conductivity of mild steel. This natural advantage of stainless 
clad steel combined with the low carbon content of the stainless surface 
eliminates, in practically all cases, the necessity for heat treatment after 
welding. 

Welding of Mild Steel Side — In welding the mild steel side of stain' 
less clad plate it is desirable to weld with multiple beads to avoid over' 
heating of stainless surface. Except where the most severe corrosion 
conditions exist it is not necessary to heat'treat stainless clad after welding 
if the proper care is taken in welding. 

General purpose shielded arc electrode is recommended. 

Vertical Welding — Stainless clad may be welded in the vertical 
position with no great difficulty. Sheet stock will usually have to be 
welded by starting at the top and welding downward, while heavier 
plates may be welded starting at the bottom and welding upward. 

Design and Preparation — Design and preparation for welding have 
much to do with the cost and the quality of weld deposits (see Page 205) . 
By employing proper designs, it is possible to reduce materially welding 
labor and amount of stainless steel electrode may be held to a minimum. 
Note the comparison — Fig. 417 (a) and (b). 

In all cases joints should be designed so that iron pick'up will be 
minimised and localised. Where steel is exposed as in the case of lap and 
corner welds, it is best to apply a stainless weld in several layers. Note. 
Fig. 417 (a) This condition may be eliminated in many cases; see Fig. 
417(b). 



STrfiHLESS 



Usual 
tv pe. or 
butt 

JOIMT 


(a) Welding procedure to reduce iron pick-up in improperly designed corner. Note 
multiple beads of stainless weld necessary at comer. 

(b) Method used to avoid corner weld. 


Fig. 417. Procedure for comer welds. 
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Fig. 418. Welding procedure for right angle intersections in construction of stainless 
clad tanks. 


On poor fitups or where it may be necessary to deposit a weld bead 
joining stainless and steel, use stainless electrodes, for entire joint. 

Another method for welding stainless clad is outlined in Fig. 419. 


CLflDDIHG 
-MILD STEEL 


r SEMD WITH 
FOLLOW UP 
TOOL OR HAMMER 


q C-L.C.C- I KOUt If* 


(a) Plate as supplied: 


(b) Plate after scarfing: 


(c) Primary weld: 



PRIMARY WELD 


(d) Secondary weld: 


PRIMARY WELD-6R1ND 
'SECONDARY WELD OR WELDS '/a 
ELECTRODE. USE ALLOY RODS F OH 
COOE VESSELS; OTHERWISE MlU> 

RO 05 MAY BE USED. 

(e) Pinal weld, or welds: 


Fig. 419. Alternate method for welding stainless clad* 

•In all cases use rods richer in alloy than the cladding. For example, on Type 304 use Type 317 
rod. Keep amperage as low as possible and weld as fast as possible. 


Welding of Galvanized Steel 

The welding of those corrosion resistant materials, known as gab 
vanned steel, which is a steel coated with zinc, presents a problem 
which at first sight appears a bit difficult. However, experience and 
investigations indicate that welding galvanized steel affects the strength 
or corrosion resistant qualities much less than commonly thought. For 
all practical purposes its effect is negligible. Note that in threading a 
pipe, galvanizing is removed, and the section is reduced at the joint. 

The reason for this is the fact, not generally known, that the zone 
from which the coating or galvanizing appears to have been removed by 
the heat of the arc has little reduction in its corrosion resistant properties. 
It is, of course, obvious that the heat of the arc will melt the zinc, and that 
some of the zinc goes off in fumes — a greater removal being next to the 
bead. But even this very small or narrow zone of what appears to be 
complete removal of zinc, is not attacked as an ungalvanized steel would 
be. In the zone where the zinc is melted, and this zone may occur at 
some distance from the bead, the protection is not reduced. The extent 
of this zone depends upon the thickness of the plate, current used, and 
may be several inches. 
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Multiple beads burn off the zinc to a greater degree, have less porosity 
and slightly more strength than single beads. But in the case of multiple 
beads the effect is negligible. 

Large multiple bead fillet welds are not so corrosion resistant; whereas 
small single bead fillet welds are practically equal to the base metal, 
galvanized steel. 

These facts indicate clearly that galvanized steel may be welded, 
without affecting the galvanizing to any great extent. 

As mentioned above, the heat of the arc liberates zinc fumes. Pro- 
vision should be made for protection of the operator from these fumes, 
by proper ventilation (see Page 22) . This precaution should be taken at 
all times and for every job involving galvanized steel. 

Metallic Arc. — Procedure for welding galvanized steel, using mild 
steel shielded arc electrode, is the same as is usually used for ordinary mild 
steel. (See Page 179). 

Carbon Arc. — The following procedure is for the welding of 
galvanized sheets from 16-to-22-gauge inclusive, by the carbon arc process 
with a copper alloy filler metal. For 16- and 18-gauge the % 2 // diameter 
filler metal is used and % 2 " carbon. For 20- and 22-gauge the 
diameter filler metal is used and a % 2 /7 carbon. 

Carbon electrodes should have a long thin taper. Take a standard 
% 2 " carbon and grind it down with a gradual taper to a very small point. 
This is held in the electrode holder about lYi" from the point so that 
during operation it will keep itself necked down and tapered. 

The current will range from 50 amperes for the 16-gauge down to 
20 amperes for the lighter gauges depending upon the type of joint being 
made. 

The filler metal used is a copper-silicon-manganese alloy, such as 
“Everdur”, “Herculoy”, “Olympic Bronze”, etc., or similar materials. 

Lay the filler metal on the plate in the joint at about a 10° angle as 
shown in Fig. 420. 


COPPER ALLOY 
FILLER METAL 


£ 


y 


UNWELL TAPERED 

CARBON 


3 


SEAM 

Fig. 420. 


Strike the carbon on the plate at any place and hold it in position 
until it becomes incandescent. This permits sufficient illumination so that 
carbon may be slid along the plate without establishing an arc until the 
carbon reaches the end of the filler rod. This reduces greatly the possibil- 
ities of making a false start and damaging the parent metal. 

A very short arc should be held. The arc should always be played on 
the filler metal and not on the galvanized sheet. The arc should be so 
short that it may at times appear as if there is no arc at all In other words. 
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it should be as short as it is possible to hold without the arc breaking. 
The arc will be found easy to hold, and can be advanced along the seam 
without any difficulty. If the proper current and arc length are used, 
extremely smooth welds will result. 

Some types of joints weld better with this method than others, the 
relative ease being (See Fig. 421.) : 

L Offset lap (A) 

2. Lap (B) 

3. Butt (C) 

4. Outside corner (D) 

5. Inside fillet (E) 



inside: fillet outside cormer joint 


Fig. 421. 

The best joint is obtained by running one of the sheets through a roll, 
or press brake, to get an offset lap as shown in (A) . With this v type of 
joint the weld metal flows very readily, and has a further advantage 
on sheet metal work of acting as a stiffener and reducing, to a very 
noticeable extent, the effect of warping. 

On other work, the above mentioned type of joint may be too ex- 
pensive and it may be necessary to use a straight lap as shown in (B) . 
In this case, tack the edges together with the same process every few inches 
before starting to actually weld the seam. This will prevent the seams 
from opening up as the welding progresses. 

Properly done, carbon arc welding of galvanised sheet results in a 
joint of high physical characteristics, and corrosion resisting property. 

Keep the heat low so that the galvanizing is not disturbed. Also be 
sure to play the arc on the filler metal, rather than the sheet. 

Carbon arc welding with copper alloy filler rod may be applied not 
only to galvanized sheets but also to ordinary blue-annealed sheets of 
thin gauge or where the gap prevents the use of metallic electrode with a 
reasonable degree of ease. The process will be found effective on such 
items as welding of fenders (see Page 779), and miscellaneous body work 
on cars. Excellent results are obtained because of the very low amount 
of warpage. 

An improvement on the standard copper alloy method outlined above 
is that of a patented method employing the carbon arc with copper alloy, 
tirMoated filler rod. With proper procedure, this method covers the heat 
Zone of the weld with molten tin (melting point 231° C., volatilization 
point 2260° C.), protecting the zinc (melting point 419° C., boiling point 
907° C.) while the copper alloy rod (melting point 1020°-1240°C.) is 
being deposited. The resultant coating of zinc and tin alloy along the weld 
provides added corrosion resistance. 
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Fig. 422. Galvanized sheets welded by the carbon arc process. 

Carbon arc welding assures improved appearance and greater strength 
for thirngauge applications such as ductwork. (See Page 1025). A few 
weld specimens are shown in Fig. 422. 

Chromium Steel 

It is well to have a thorough understanding of this type of steel, its 
uses and physical characteristics. 

Steels containing 4% to 6% chromium are not stainless steel although 
classified as such by many people. This is due, no doubt, to the fact that 
such steels possess a resistance to sulphide corrosion by laboratory tests 
of four to ten times that of ordinary steel, and resistance to oxidation at 
1000 degrees F. three times as great, and various types of installations 
from this alloy have verified these experiments. It is, therefore, finding 
increasing use in the form of furnace tubing, cracking stills, hot oil 
transfer lines, heat exchangers, bubble tower caps, return bends, valves, 
and in the form of plates for fabrication. 

Physical properties of the 4'6 chromium alloys develop some interest' 
ing possibilities. In the first place, this steel can be soft annealed to 
physical properties similar to those of mild carbon steels, and therefore 
it is suitable for equipment where severe cold work is applied during 
fabrication. On the other hand, some steels with remarkably high yield 
points and tensile strengths, combined with excellent ductility and im' 
pact toughness, can be produced by simple air hardening treatments. It 
is obvious that many articles, so shaped that quenching in liquid media is 
difficult, might be produced from steels containing 4% to 6 % chromium, 
and subsequently heat treated, without excessive distortion, to the desired 
properties. 
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Air Hardening: The most noticeable property of the 4-6 chromium 
steels is their intense air hardening which is proportional to both the 
carbon and chromium contents. This factor must be considered in all 
operations involving the use of these materials where reheating occurs, 
such as welding, Van Stoning, hot bending, forging. After such opera- 
tions, the metal should be annealed by heating to a temperature of 1575 
degrees F. and cooled back in the furnace, or reheated to a temperature 
of 1400 degrees F. for several hours depending upon the thickness of the 
section. In welding, the metal should be annealed as soon as possible after 
the welding operation, not only in the welded metal but also in the zone 
on either side of the weld. The fully annealed material, however, can be 
bent, flanged, and expanded cold almost as readily as low carbon steel. 

Carbon very noticeably affects the various physical qualities of this 
group of steels. 

The American Iron and Steel Institute has issued a list of standard 
type numbers of stainless steels and analyses applicable thereto which 
contains the following (in per cent) : 

Type No. 501 A — Chromium 4.00 to 6.00; carbon 0.21 to 0.25 

Type No. 501 B — Chromium 4.00 to 6.00; carbon 0.16 to 0.20 

Type No. 501 C — Chromium 4.00 to 6.00; carbon 0.11 to 0.15 

Type No. 501 D — Chromium 4.00 to 6.00; carbon 0.10 max. 

The air hardening effects on these steels with varying carbon content 
are illustrated in the following table: 

Tensile Properties of 0.505-In. Standard Bars 


Car- 

bon 

Chro- 

mium 

Air 

Cool 

Draw 

Yield 

Point 

Tensile 

Strength 

Elon- 

gation 

Re- 

duc- 

tion 

Hard- 

ness 

Izod 

Im- 

pact 

0.10 

5.20 

1600°F. 

None 

108,860 

181,420 

15.5 

53.2 

361 

23.0 

0.20 

5.20 

1575°F. 

None 

114,000 

212,310 

9.0 

18.5 

417 

23-0 

0.30 

5.30 

X575°F. 

None 


222,100 

13.5 

31.7 

448 

16.9 

0.10 

5.20 

1600°F. 

1110°F. 

102,180 

114,100 

20.0 

71.0 

250 

76.4 

0.20 

5.20 

1575“F. 

111QOF. 


137,600 

18.5 

58.7 

272 

36.0 

0.30 

5.30 

1575“F. 

mo°F, 

116,840 

137,400 

18.0 

60.5 

275 

59.1 

0.10 

5.20 

1600«F. 

Furnace 

cooled 


62,030 

i 

37.5 

75.6 

136 

84.2 

0.20 

5.20 

1575'F. 

Furnace 

cooled 


75,600 

32.0 

75.0 

152 

84.1 

0.30 

5.30 

1575-F. 

Furnace 

cooled 


79,200 

31.5 

73.6 

161 

79.3 


The air hardening effects described above are best exhibited in the 
physical properties noted in the table. These figures indicate the very 
high yield points and tensile strengths that come from simple air hard- 
ening or air hardening and drawing, which treatments are quite as 
effective as the quenching of ordinary steels in liquid media. Combined 
with high tensile strength, the alloys also exhibit great ductility and im- 
pact toughness. The impact properties and elongation of these alloys 
are, in many cases, superior to those of some of the best structural alloy 
steels, when heat treated to the same yield point and tensile strength. 
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Another peculiar physical property which these alloys exhibit is that in 
the air hardened condition and in the fully annealed condition, the elastic 
ratio is low, often being less than 50%, whereas the air hardened and 
tempered material shows very high elastic ratios, usually over 80%. 

It will be noted also that the carbon content has an appreciable effect 
on the yield point and tensile strength, especially on the soft annealed 
material. In applications where this alloy is to be used for high tempera* 
ture service, such as cracking still tubes and condenser tubes, and where 
flanging, rolling and other manipulations are required, only soft annealed 
material should be employed. Exposure of semi-annealed material for 
long times at temperatures between 800 degrees and 1200 degrees F. 
gradually produces the effect of a soft anneal. 



Tig. 423. V-groov* butt Joint in 3-inch pipe of 4-6% chromium *te«l. 


The previous discussion refers chiefly to the 4-6 chromium alloy 
groups without other alloy additions. The addition of various alloys such 
as molybdenum, tungsten, titanium, produce various satisfactory results 
and are used in many cases where the application makes desirable the 
qualities which these various other alloys give to this group. 

Probably the most commonly used additional alloy is molybdenum, 
usually in an amount of approximately 0.5%. This addition of 
molybdenum does not appreciably effect the physical qualities of the 
steels at room temperatures, and after the different heat treatments, but 
it does increase to a considerable degree the strength of these steels at 
elevated temperatures and, according to some tests, increases the resistance 
to certain types of corrosion. This increase in strength at higher tempera- 
tures is known as an increase in creep strength. 

One per cent tungsten has somewhat the same effect but increases 
the tensile strength somewhat at room temperature. Tungsten, being 
a relatively scarce alloy, however, usually increases the cost. 

Electrodes are available for welding the above steels which contain 
molybdenum. The weld deposit possesses the higher creep strength, and 
other desirable qualities. 
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Bearing in mind the general characteristics of 4-6 chromium steel and 
its air hardening qualities in particular, considerable care should be noted 
in regard to the suggestions for keeping the material to be welded warm 
during welding and its annealing afterwards, because if this is not done 
the welds, and particularly the area adjacent to the weld, will be quite 
brittle and will withstand but very little stress, particularly bend stress. 

11-14% Chrome — .12 Max. Carbon : This steel is subject to air 
hardening and grain growth with resultant brittleness and low impact 
strength. The carbon in the base metal should be kept as low as possible 
as this has considerable effect on impact strength. 

Immediately after welding anneal at 1200 degrees to 1450 degrees 
F. A 17% chrome electrode is suitable for welding this steel, or an 
electrode of 18-8 type may be used. 

It must be carefully noted that the coefficient of expansion of 18-8 
metal is from 40% to 60% greater than steel. This must be taken account 
of in design in the location of joints, the relative restraint thereof, 
particularly in those cases where repeated heating and cooling is en- 
countered, when an 18-8 electrode is used. 

15-17% Chrome — .12 Max. Carbon : This steel, as the preceding 
one, is subject to grain growth and is very brittle if not annealed. It 
should be heat treated for impact and toughness. Preheat to 200 degrees 
to 250 degrees F., which may be done locally — weld — then anneal at 
1200 degrees to 1450 degrees F. — slowly cool to 1100 degrees F. — and to 
obtain best results air cool below 1100 degrees F. The chromium should 
be kept on the low side for best weldability, with a 17% chrome electrode. 
An 18-8 chrome-nickel electrode may sometimes be used, keeping in mind 
the precautions mentioned under the 11-14% chrome. 

18*20% Chrome — .12 Max . Carbon: 

25'30*fo Chrome — .30 Max. Carbon: These are not air hardening 
but are subject to grain growth. They are very weak and brittle in and 
next to the weld. The coarse grain cannot be eliminated by heat treat- 
ment. They should be preheated to 500 degrees F. — weld and anneal at 
1450 degrees — and allow to air cool. A 25-30% chrome electrode may 
be used, or a 25-12 chrome-nickel electrode. 

Note that when 18-8 or 25-12 chrome-nickel electrodes are used to 
weld the straight chrome alloys, it is necessary to use a stabilized electrode 
if the work is to be heat treated after welding, otherwise the corrosion 
resistance of the weld metal will be poor. The type of service should be 
investigated before using a chrome nickel electrode on straight chrome 
material. Under some conditions a straight chrome steel is more satis- 
factory than the chrome nickel alloy. 

It is well to consult the supplier for specific heat treatment, tempera- 
tures and treatment. 

4-6 Chrome can be successfully welded by using an electrode de- 
veloped particularly for it. Since the metal has a tendency to harden 
when exposed to the air after heating, welding should be done in accord- 
ance with the following procedure. 
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The welding is done with the electrode positive and work negative. 
Currents and voltages, somewhat lower than those employed in welding 
other steels by the shielded arc process, are used. The following table 
is given as a guide. 


Size of 

Suggested Current 

Suggested Voltage 

Electrode 

to be Used 

to be Used 

X' 

75 to 100 amperes 

22-23 

iff 

100 to 150 amperes 

24-25 


125 to 200 amperes 

26-27 


The material to be welded should be purchased in annealed condition. 


The parts to be welded should be preheated to between 400° and 500° 
F. to prevent cracking during welding. In no event should preheating 
be less than 300° F. The work should not be allowed to fall below this 
temperature at any time. Immediately after welding — and before the 
work is allowed to cool — it should be placed in an annealing furnace. 
Ann ual at 1550° to 1600° F. and cool slowly. Temperature of the work 
should not drop over 50° F. per hour. When the temperature has dropped 
to 1200° F., the work may be taken out of the furnace and allowed to 
cool in the air. Instead of the 15 JO ° to 1600° F. anneal, the work may 
be annealed at 1400° F. When stress annealed, the weld metal will possess 
the following physical properties: 


Ultimate tensile strength .. 

Yield point 

Ductility, elongation in 2” 

Reduction of area — 

Hardness (Brinell) 


65.000- 70,000 lbs. per sq. in. 

35.000- 40,000 lbs. per sq. in. 

35-40% 

65-75 % 

130-140 


When stress relieved the weld metal will have the following physical 
properties: 

Tensile strength - 80,000-90,000 lbs. per sq. in. 

Yield point ..... 55,000-65,000 lbs. per sq. in. 

Ductility, elongation in 2" 24-30% 

Reduction of area 60-70% 

Hardness (Brinell) 155-175 

4-6 Chrome Steel, due to its characteristics, should be used with 
caution where it is not possible to heat treat after welding,^ Severe loads 
should not be placed on the work before heat treatment since the metal 
is brittle in the unannealed condition. 


High Manganese Steel 

High manganese steel contains about 12% to 14% manganese and 
0.50% to 1,25% carbon. It is very tough and hardens on cold working. 
For this reason it is used where resistance to wear or abrasion is highly 
essential, also, where high strength and shock resistance are desired; for 
example, parts of rock and ore crushing machinery, parts of power 
shovel buckets, railroad frogs and crossings and similar parts. 
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For building up worn parts of high manganese steel an electrode 
should be used of such type that the physical characteristics of the 
deposited metal will be approximately the same as the base metal. The 
weld metal should be air toughening, i. e., it remains in austenitic state 
even on slow cooling. Water quenching should therefore be avoided 
because it would set up localised cooling strains which often result in 
checks in the weld and its subsequent failure. The weld metal as deposited 
should be comparatively soft; and after cold working, should have a 
hardness of 46 to 50 Rockwell C. 

Reversed polarity should be used when welding with type of electrode 
indicated previously. The exact heat to be used depends upon the mass 
of the part being built up; more heat being required for heavy sections 
than for thin sections. Both shielded arc and bare electrodes are available 
for this work. The bare electrode is distinctive for its relatively high 
beads, minimising the number of passes. The shielded arc electrode gives 
a flat bead desirable for surfacing with minimum grinding. Suggested 
amperages for various sizes of electrodes are as follows; in general the 
lower currents should be used so far as possible. 


Electrode Size 

Amperage 

Arc Voltage 

A" 

90130 

24 

A" 

130-170 

26 

Va" 

170*225 

26 



The part to be built up must be free of all rust, spongy or defective 
material. This cleaning can be done by proper amount of grinding. 
Wherever possible the welds should be placed in pads, Yi” to 1" wide, 
preferably not more than 3" in length. Long narrow beads should be 
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avoided. Precautions should be taken, however, to avoid localised heating 
of manganese steel castings. Pads should be so placed that the heat is 
well distributed throughout the casting. If necessary the casting only but 
not the weld, should be cooled with water periodically to prevent dis- 
torsion and possible cracking of the casting. Hammer the surface of the 
pad immediately while it is cooling. This peening stretches the metal and 
relieves the cooling strains. Use die lowest heat possible consistent with 
good fusion. Give the parent metal time to absorb the heat from the 
area of welding and to cool between beads. Clean off all slag and brush 
area where next pad is to be deposited. 

For welding up cracks in high manganese steel, or for welding high 
manganese steel together, or a part to mild rolled steel, a heavily coated 
metallic electrode of austenitic steel should be used. The use of this type 
electrode gives the weld a high tensile strength. The procedure for weld- 
ing is similar to that for welding chrome-nickel steel (see Page 303). In 
such cases where abrasion-resistant surface is required the top beads 
should be applied as described for building up worn high manganese steel 
parts with the type electrode prescribed for manganese work. 


Lead-Bearing Steels 

By suitable methods, lead may be suspended in steel in small amounts. 
Lead does not go into solution, being practically insoluble in liquid or 
solid steel. The lead which is in a very fine state, improves the ma- 
chinability of the steel. It does not, however, greatly affect the physical 
properties of the steel nor its heat treatment qualities. 

Lead-bearing steels may be welded readily, using Type A or Type C 
electrodes (see Page 148). Work should be done in a well ventilated 
space, preferably with dust removing equipment. Behavior of the metal is 
similar to that of semi-killed steel of corresponding carbon content. A 
very small amount of fine porosity may result, but welds are of high 
quality. Welding characteristics are good. 

Typical results for reduced section are as follows: 


As welded 
Stress relieved 


Tensile 


(lbs./sq. in.) 
74,150 
69,500 


Yield 

(lbs./8q. in.) 


55.600 

42.600 


Fractures are normal for steel of similar analysis without lead. 


High Carbon Steel 

Carbon for the usual steels is one of the most important and most 
powerful alloying elements. It may be present in amounts very small as 
.0%% or as high as .8% to 1.00% or more. (The carbon content is 
sometimes expressed in points — which are hundredth of per cent. For 
example — a 20 point carbon steel has .20% carbon in it) 

All of the steels may be arc welded except those of very high carbon 
content such as spring steel .75% to 1.00% and tool steel .90% to 
L*5%. 



WELDABILITY OF METALS 


323 


The higher the carbon content of steel, the harder it becomes when 
it is quenched from above a certain temperature called the critical 
temperature — assuming that the rate of cooling is constant. It is well 
to remember that the critical temperature for .10 C steel is about 1600 
degrees F. whereas that for 1% C steel is about 1400 degrees F. Up to 
about .15 or .20 carbon very little hardening is obtained if quenched in 
water from above its critical temperature. Steel of 1% carbon will have a 
hardness of more than 700 Brinell if quenched in water from above its 
critical temperature. This material has practically no ductility. 

It is also true that for a given carbon content, the faster the rate of 
cooling, or quenching (up to a certain limit) the harder the steel becomes. 
As a specific example, if .85 C steel is heated to 1450 degrees F. and 
cooled very slowly an annealed structure will result which will probably 
run around 250 Brinell. If cooled from 1450 degrees F. in still air, the 
hardness will be approximately 300 Brinell. If quenched in oil, about 450 
Brinell and if quenched in water, about 600 Brinell. Quenching in iced 
brine would increase the hardness still more. 

If a bead is deposited on a steel plate the temperature of the parent 
metal is raised. The temperatures vary, ranging from its melting point at 
the fusion zone down to perhaps no increase at all some distance from 
the bead. There will be a zone in the parent metal adjacent the bead 
which has been heated to the critical temperature or above and the thick- 
ness of this zone (when welding on cold plate) will depend on the heat 
input and thickness, or mass of metal on which the bead is deposited 
Using % 6 " wire at 200 amps, with a normal rate of travel, this zone may 
be }/&" thick on 2" plate and Yi" thick for plate. 

It is this zone in the parent metal that cracks — not because it is 
weakened, but because it is hardened to the point where its ductility is 
reduced to such an extent that it cannot stretch. This is analogous to 
‘‘quenching cracks’ 5 which are often encountered in heat treating high 
carbon steel. 

It is not appreciated generally that when a bead is run on a thick, cold 
plate, the cooling rate of the parent metal adjacent the weld is about the 
same as by quenching it in water, because the cold metal conducts the heat 
away very rapidly. 

Preheating the parent metal seems to be the only practical method 
of eliminating this hardened zone in high carbon steel. The effect of 
preheating in connection with the building up of battered rail ends, which 
are about .80 carbon steel, has been studied. A bead deposited on a cold 
rail will result in a hardening of the parent metal adjacent to the deposit. 
The hardness of the original rail will be about 250 Brinell and the hard- 
ness of the parent metal just under the deposit will be about 600 Brinell 
regardless of the type of rod used or the hardness of the metal deposited. 
If, however, the rail end is heated to 400 degrees F. and then the bead 
deposited on it, the hardness of this zone will be about 325 Brinell. 
The difference is in the rate of cooling from the critical temperature. 
The material which has a hardness of 600 Brinell will have a tensile 
strength in excess of 300,000 pounds per square inch and practically no 
ductility while the 325 Brinell material will have a tensile strength of 
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about 150,000 pounds per square inch and elongation of perhaps 10 to 
15% in 2 inches, which, in this case, is sufficient to stretch without 
cracking. 

Assume that some high carbon parts which are to be welded together 
are firmly restrained and the cooling rate is high, resulting in low ductility. 
It is evident that cracks will probably result. 

This suggests a method of joining these two parts in order to make 
the weld metal sufficiently ductile to withstand this contraction. 

This procedure comprises: 

(1) Control of the heating and cooling conditions. 

(2) Proper procedure. 

(3) Use of intermediate beads. 

(4) Use of special electrodes. 

(1) Preheat the parts to 400 degrees F. or even higher — to 500 
degrees or 600 degrees F. Weld while hot and then cool very slowly — 
as in a furnace overnight. The higher the carbon the slower the cooling 
should be. Steel of .30% to .40% carbon content may be welded as 
ordinary steel allowing two or three hours to cool, if practical. For steel 
above .40% carbon all-night cooling is recommended. Use a Type B 
(see Page 192) mild steel shielded arc electrode. 

Enough metal must be deposited in one pass so that there will be 
sufficient cross-section to take care of stresses caused by contraction. 
Particularly in reference to first bead. 

If the cross-section of the first bead is too small, when it contracts 
the unit stress will be sufficiently high to cause fracture. This condition 
is most liable to occur in fillet or lap joints. 

(2) Select proper type of joint. In lower carbon ranges (up to .25%) 
the type of joint is not so important. Above this, however, due to admix- 
ture of base metal into bead, it is important. If the two parts to be joined 
are firmly fixed then if the bead is not ductile, it may fail. 

In this case it is advisable to scarf rather than use plain butt joint 
to keep the admixture to a minimum and thereby obtain maximum 
possible ductility. 

(3) For higher carbon content than .25%, an intermediate bead is 
frequently used. For example, the single vee butt joint shown in Fig. 425. 


Fig. 425. 


A layer or two layers of Type B (see Page 192) shielded arc electrode 
are used. The result is the surfaces are relatively low in carbon and may 
be joined by a low carbon electrode of the above type, just as any joint 
is made. It must be clearly understood that the joint is not high carbon. 

(4) For steels above .30% carbon an 18-8 stainless steel electrode 
gives a joint with excellent physical properties and good fusion. 
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Where the heating conditions can be controlled, a high carbon steel 
electrode (approximately 1.0%) may be used. In this case the carbon 
may be controlled to some degree by the arc length. 

From the foregoing, it is evident that the best procedure for the higher 
carbon steels well above .30% is to heat above 500 degrees F. — weld 
while hot and let cool slowly. For carbon content of .30% to .40% 
— methods such as intermediate beads, special electrodes as previously 
described may be used. 

No matter what type of electrode is used, brittleness will occur in the 
base metal if the carbon or alloy content in the base is too high and it 
is cooled too fast. The properties of the deposit may be controlled by 
electrode composition but brittleness in the affected zone of the base is 
controlled by heat (cooling rate) and by the chemical composition. 

Medium High Carbon Steel 

Steel having a carbon content of 40 to 50 points, medium high carbon, 
has a high ultimate strength (see Page 291), but when cooled rapidly, as 
in the usual welding process, it becomes rather hard and brittle in the 
cooled zone. This may result in cracks in the surface of the base metal 
and in the bead at this point of cooling. These cracks are objectionable 
because they cause an uneven distribution of stress in the sections affected. 
(See Page 75). 

Therefore it is necessary to retard the rate of cooling of this metal. 
This may be done by preheating, keeping the joint hot while welding 
and cooling slowly. Upon completion it should be stress relieved, an- 
nealed, or subjected to suitable heat treatment, particularly desirable and 
necessary for steels in the higher ranges (above 40) . 

Another method occasionally used is that of depositing a bead of high 
ductility. It will stretch and therefore not result in cracks. In this case, 
the bead and joint are not high carbon, but are lower carbon obtained 
by minimizing the mixture of base metal and deposited metal. This is 
obtained by using an electrode which gives good fusion but little penetra- 
tion, generally in conjunction with a scarfed joint. 

A modification of this method consists in depositing on each part of 
a joint with rather wide scarf joint, a layer or two of bead. The object 
here is to keep the carbon content low in the first bead and even lower 
in the second bead. The two parts can then be joined by welding the two 
beads together, resulting in a low carbon, ductile joint. 

These first layers, or beads, may be deposited on this steel by a usual 
shielded arc electrode or a stainless steel (18-8) electrode. The joint can 
be completed with the usual shielded arc electrode. 

The object of this method, which might be termed an intermediate 
bead procedure, is to obtain a ductile joint by minimizing the in-wash of 
carbon into the bead. Such a joint is less susceptible to the rate of 
cooling; it is moderately ductile, being more so than the base metal (40-50 
carbon), but not as much as a low carbon joint. The selection of the 
method of welding depends on the type of load and service the joint is 
required to meet. 
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Cast Iron 

Cast iron is a complex alloy of six or more elements. The common 
elements are about as follows: Iron 94 — 98%, Carbon 2-4%, Silicon 
1% or more. Sulphur usually below .2%, Phosphorus usually below 
.75%, Manganese below 1%; other elements sometimes present in small 
quantities are copper, nickel, aluminum, titanium, vanadium, etc. 

Carbon is the most important element in its effects. It usually exists 
in two forms, combined chemically with the iron known as combined 
carbon and free carbon combined mechanically with the iron and known 
as graphite. It is this graphite carbon which gives the usual grayish 
appearance to the fractured surface. The ratio of graphitic carbon to 
combined carbon is usually in the ratio of from 4 to 6 graphitic to 1 
combined. Usually an increase of combined carbon increases the hard- 
ness. When cast iron cools from a molten state quickly or suddenly, the 
percentage of carbon in the combined state is increased and the graphite 
reduced, so quickly cooled cast iron is harder and more brittle than when 
cooled slowly. This is sometimes called chilled or white cast iron. These 
facts must be borne in mind as they affect the results of welding 
materially. 



Fig. 426. 

When one part of a gray iron casting is heated that part expands and 
in so doing may throw considerable strain on some other part of the 
casting; this strain, since the metal possesses low ductility and will not 
stretch, may be sufficient to break the unheated part. For example, when 
a casting, such as the one shown in Fig. 426, is heated at A, it will expand 
at this point and will stress the casting at B and C. It may be stressed 
beyond its limits and fail at either one of these points or both. Such 
an occurrence may happen when welding the casting at A, provided 
parts B and C are not preheated so that the expansion of A, B and C is 
equal. In such case the casting will expand and contract alike and cause 
no undue stress in any part. 

When preheating is unnecessary or inadvisable, care should be taken 
not to heat the casting too long or too much at point of welding at one 
time, but rather a repetition of “weld little and cool much” until the job 
is completed. 

Each job should be studied carefully before welding in order to avoid 
possible difficulties arising from uneven expansion and contraction of the 
casting. The heat of the welding arc is confined to a comparatively small 
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area and for this reason complicated castings offer less trouble when 
welding is done with the arc than by other methods. It is also for this 
reason that many gray iron castings can be arc welded in place without 
dismantling for preheating. 



Fig. 427. A method of relieving cumulative strains on cast iron — by depositing weld 
metal In curved lines. 


Cast iron welding may be done with a metallic arc using steel elec- 
trodes. A weld of this type is shown in Fig. 429. When using this type 
of electrode care should be taken in regard to (a) contraction of the weld 
metal (steel) after deposition, (b) absorption of carbon by the weld 
metal and rapid cooling which result in hard weld metal. 

The shrinkage or contraction of steel from a molten state to a cool 
state is greater than that of cast iron, going from a molten state to a cold 
state. Therefore when the molten steel from a steel electrode is deposited 
on cast iron the steel will shrink more than the cast iron on which it 
is deposited, causing a residual strain in both the weld metal and the cast 
iron. A straight bead of weld metal deposited on a horizontal surface of 
cast iron will be in tension if allowed to cool without further treatment. 
This is due to the fact that the steel is trying to contract its length by an 
amount which is proportionate to its change in temperature. At the 
same time the cast iron on which the weld metal has been deposited will 
be stressed due to the pulling action of the weld metal on the cast iron. 
Since the cast iron is weaker, the usual occurrence (particularly when the 
bead of weld metal is long) is a break in the cast iron just back of the 
line of fusion. 



Fig. 428. A sequence of short welds as shown above will help to relieve cumulative 
strains. 
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It is evident that the greater the length of the weld in a straight length 
the more strain, since the strain is cumulative. Therefore if a bead is 
curved there is a tendency to reduce this cumulative effect. 

Another method is to deposit weld metal in short lengths and allow 
each to cool. For example, weld Yl minute and then allow weld to cool 
for 3 to 5 minutes. By depositing small welds in various parts of the job 
one weld is allowed to cool while depositing metal in another location. 



Fig. 429. Weld on engine head made by steel electrode of shielded arc type. 


The third method is to upset or peen the deposited weld metal lightly 
while it is still hot, before it has a chance to cool and contract. This causes 
the weld metal to stretch. In many cases the best method to pursue is to 
use a combination of the above three methods. 

When steel weld metal is deposited on cast iron of large area and the 
cast iron being cold with the exception of the weld area, the weld metal 
and the cast iron in its immediate vicinity are cooled quickly. During 
the process of welding the deposited metal absorbs carbon from the cast 
iron. Thus the deposited metal becomes high carbon steel, which when 
cooled quickly is extremely hard. As previously explained, when molten 
cast iron is cooled quickly its own combined carbon is increased. Therefore 
the weld area in the parent metal, when cooled quickly, results in 
increased hardness of the casting and a tendency to brittleness. Thus in 
such cases hard, unmachinable material is formed. However, in most 
repair jobs such a condition presents no difficulties, inasmuch as machin- 
ing is rarely required. If machining is necessary there are several methods 
by which the weld metal and weld area in the cast iron can be made 
machinable; one is to heat the entire casting, or if expansion will cause 
no difficulty, heat weld and adjacent parts only, to a dark cherry red and 
allow to cool slowly by covering with asbestos or sand or other heat 
retention material. ... ) 

The weld metal deposited by the electric arc process in cast iron is 
generally far stronger than the cast base metal. When steel electrode is 
used the weld metal is generally three to four times as strong as the 
casting. {!| ' ’ ‘ * * 1 ! * 1 
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Coated electrodes of the proper type are usually designed to keep the 
amount of heat required to a minimum , thus reducing thermal disturbance 
and resultant hardness. 

Usually she electrodes are used for keeping the heat down as 
mentioned above. Electrode is made positive, work negative, and current 
is approximately 80 amp. This apparently too-low current is employed 
to satisfy the heat conditions previously mentioned. The electrode itself 
will carry considerably more current but the requirements of cast iron 
welding make the use of higher heat inadvisable. 

The electrode to use in cast iron is a coated electrode with steel base. 
It provides a solid, dense weld on cast iron of greater tensile strength 
than the cast iron itself. It affords an excellent bond or union with the 
cast iron. Because of the low current used, (80 amps, on J/fc" electrode), 
the hardening effect usually present along the line of fusion is materially 
reduced, the resultant weld being therefore much more machinable than 
is usually the case where other electrodes are employed. 

The welding of cast iron should be done very intermittently. In some 
cases “skip” welding is used with a weld not over 3" made at one time. 
Immediately after each bead is deposited it should be lightly peened, thor- 
oughly cleaned and allowed to cool before next bead is applied. Care 
should be taken to keep the work clean and not allow it to get too hot. 
A good rule in reference to cast iron is “Keep the work clean and cold.” 

1 Welding with Chrome-J^ic^el Steel Electrode. — Some welding oper- 
ators have found that with the use of a heavily coated metallic electrode 
having 18% chrome, 8% nickel and a low carbon (.07 max.) content a 
firmer bond of weld metal with cast iron can be made than when a mild 
steel electrode is used. Light peening, while the welding bead is still 
warm, also helps relieve the contracting strains. 

Welding with Carbon Arc. — Iron castings may be welded by the use 
of a carbon arc with a cast iron filler rod. Proper manipulation of the arc 
and filler rod when welding in flat position on heavy castings will produce 
a fairly machinable weld. This is due to the slower cooling of the deposited 
and base metal; the carbon arc being played about the work can prevent 
rapid cooling. By this method of welding it is possible to float the oxide 
out of the molten metal. If this is done hard spots which would cause 
trouble in the machining operation are eliminated. The use of a dehy- 
drated borax flux is sometimes used, as it enables the operator to float 
out some of the undesirable impurities. 

The cast iron filler rod used with the carbon electrode is usually of far 
higher grade material than the base metal. Thus the tensile strength per 
square inch area of the weld metal will be higher than the tensile strength 
of the casting. 

Welding with Cast Iron Electrode. — When welding cast iron by 
the metallic arc process with cast iron electrode, it is usually necessary 
to preheat the casting in order to receive the molten metal from the end 
of the rod as fast as it comes off. The rod in this case is always worked 
on the positive side of the circuit. Where the job is to be machined after 
the weld, this process is objectionable, as it permits too rapid cooling, giv- 
ing a hard weld. This process is not generally used. 
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Welding with T^on^Ferrous Electrode. — The use of non-ferrous 
material for the electrode in the arc welding of cast iron solves one of the 
metallurgical problems in connection with the process. As distinguished 
and contrasted with the use of steel rod, non-ferrous alloys do not harden 
appreciably when deposited in cast iron base metal, because the non- 
ferrous alloys do not absorb carbon from the casting. The welds so made 
are therefore machinable. However, the hardening of cast iron in the 
casting adjacent to the line of fusion, due to the quenching action of the 
mass of cold metal back of it, remains the same as in the case of welding 
with a steel electrode. 

One of the non-ferrous electrodes widely used in the arc welding of 
cast iron is the shielded arc bronze type. This electrode provides a soft 
weld possessing good tensile strength. The procedure is much the same 
as given under Bronze, Page 338. 

Another electrode of this non-ferrous type is a shielded arc nickel 
electrode. Because of its soft, machinable welds and light penetration, it is 
used extensively for correcting machining errors, filling up defects and 
repairing cast iron parts which must be drilled, tapped or machined. 
See Fig. 430. 



Fig. 430. This Illustrates the machin ability of cast iron welded with non-ferrous alloy 
electrodes designed for the correction of machining errors and other defects in cast Iron. 
The weld deposit and fusion zone are exceptionally soft and can be drilled, topped or 
cut readily. 


Current should be just high enough to obtain satisfactory bond (70 to 
130 amps.) and arc should be fairly long (approx. J/s")- Weaving with 
short beads (2" to 3") , followed by peening and cooling is recommended. 

Where there is a large or deep area to be filled or where a strength 
weld is required, steel electrodes should be used to within approximately 
of the surface to be machined and then finished with several layers 
of this non-ferrous electrode. 
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Studding . — As explained previously, the chilling action of the cast 
iron increases the combined carbon and in turn increases the hardness and 
brittleness, weakening the strength of the cast iron just back of the line of 
fusion. Welds in cast iron, if of sufficient thickness, may be strengthened 
by the mechanical method of studding. 



Fig. 431. Crack* !n a cast iron ©nd Iram© before preparation for welding. 



Fig. 432. Crack* in cast iron end frame veed out, drilled and tapped for studs with 
some of the studs in place preparatory to welding. 



FXg. 433. Completed arc welded repair of cast Iron end frame. 
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Studs of steel approximately J4" to diameter should be used. 
The cast iron should be veed and drilled and tapped along the vee so 
that the studs may be screwed into the casting. The studs should project 
about % 6 /r to above the cast iron surface. The studs should be long 
enough to be screwed into the casting to a depth of at least the diameter 
of the studs. 

The cracks in the cast iron end frame of a large bending brake, as 
shown in Fig. 431, present a typical application for repair by arc welding. 
Fig. 432 shows the cracks veed out, drilled and tapped for studs with 
some of the studs in place. 

The cross sectional area of the studs should be about 25% to 35% 
of the area of the weld surface. In such cases the strength of the weld 
may safely and conservatively be taken as the strength of the studs. It is 
considered good practice to first weld one or two beads around each stud, 
making sure that fusion is obtained both with the stud and cast iron 
base metal. 


( 


Fig. 434. Usual procedure of studding for cast iron welding. 



Straight lines of weld metal should be avoided so far as possible. Welds 
should be deposited intermittently, and each bead peened before cooling. 
The completed welded repair of broken cast iron frame, as portrayed 
previously, is shown in Fig. 433. 

It is advisable where the casting is of sufficient thickness to vee from 
both sides and stud, this should be done as indicated in Fig. 434. In many 
cases it may be desirable to produce complete penetration at the fracture. 




Fig. 435. Showing use of grooves instead of studs in welding cast iron. 
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In some cases it may be practical and more desirable to shape out 
grooves in the casting with a round-nosed tool instead of studding. This 
method of preparation is shown in Fig. 435. 

Cast Steel 

Cast steel in general has the same chemical constituents as ordinary 
steel, except it is poured into a mould in the shape wanted instead of 
billets and rolled as in the case of structural steel. As a result the welding 
practice for cast steel should generally be the same as for rolled steel. 

Welding of steel castings may be divided into three general classes: 

1. Welding cast steel to rolled steel in sub or main assemblies of 
machinery or equipment. 

2. Welding of cast steel in the field as a repair or maintenance 
problem. 

3. Welding cast steel in the steel foundry to remedy casting or foun- 
dry defects. 

In items 1 and 2 the metallic arc is most generally used, with a mild 
steel electrode, the procedure being practically the same as for rolled steel. 

Item 3 constitutes by far the largest amount of this type of welding. 

Due to the characteristic shrinkage of steel from a molten state to a 
cold state and sometimes other troubles the following defects many 
times appear in the casting. 

(a) Blow holes, sand holes and other skin imperfections. 

(b) Shrinkage, cavities due to contraction of the steel, chiefly during 
solidification. 

(c) Cracks formed by the contraction of the steel in the solid or semi- 
solid state. 

One way of correcting any such defects is, of course, to scrap the 
casting and remelt and recast it, but this is a very expensive way and 
it is quite general practice to repair many such defects by arc welding. 
For this work it is quite common to use either metallic or carbon arc, 
depending upon the type of defect and the welding practice of the par- 
ticular foundry where the work is being done. 

Metallic arc welding is used for many cracks and blow holes, with a 
mild steel electrode following the usual procedure for steel. Care should 
be taken to chip and clean the crack or hole very carefully before starting 
the weld; as each layer is put on, it is desirable — although not always 
necessary — to peen. Each layer should be carefully brushed before 
starting the next. In larger work the speed of the carbon arc is desirable 
and it is very often used. Care should, however, be taken not to let the 
carbon electrode touch the molten metal so as to eliminate the absorption 
of carbon. This can be done when the arc is broken by starting or striking 
the arc on a cold part and then moving over to the welding point. The 
carbon arc method is also desirable since it can be used to cut or enlarge a 
How hole for welding; also since by its use a larger atea of metal is 
molten, slag, sand, etc., can be floated oflF to a good advantage. 
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The shielded arc process of welding can be used to excellent advantage 
in steel foundries in the repair of defects in steel castings. In the use 
of this process electrodes and in diameter can be used success' 
fully, resulting in a deposition of 6 to 15 pounds or more of deposited 
weld metal per hour. Weld metal so deposited is soft and ductile but of 
high tensile strength. The heavy coating of the electrode used with the 
shielded arc process prevents grounding, permitting the operator to get 
at the bottom of holes and other places not of easy access. 

Steel Castings Arc Welded to Rolled Steel — Generally the castings 
are machine parts which are fabricated into an assembly of welded rolled 
steel construction. This application of welding has grown from the rede' 
sign of machinery from entirely cast construction to part cast, part 
welded, rolled steel construction, and is made possible by the ability to 
weld steel castings to rolled steel. This is easily accomplished, the weld' 
ing procedure being practically the same as for welding rolled steel. 
See Fig. 475. 


Malleable Iron 

Malleable iron is white cast iron which has been heat treated so that 
the carbon content of the casting occurs in uniformly distributed particles 
called temper carbon. When this carbon is in this condition the castings 
are not nearly so brittle as gray cast iron. The result is that the casting 
will have physical properties between gray iron and steel castings. Its 
tensile strength is much higher and its ductility much better than gray 
iron. It is softer and may be bent to a certain degree. 

When welding the carbon is still there but in a little different form, 
and when it is heated and cooled quickly the effect of the heat treatment 
or annealing is destroyed in the vicinity of the weld. 

There are therefore generally the same problems as in the welding of 
gray cast iron and the same precautions and welding procedure should 
generally be followed. 

In many malleable foundries it is common practice to weld small 
defects with the metallic arc process and then put the casting through 
the annealing oven, to overcome the change in structure due to welding. 
In the field this is generally impractical and impossible. 

General instructions in arc welding malleable iron: 

1. Use same procedure and caution as in welding gray iron. 

2. Where practical put the casting through the annealing process, by 
which it was originally made. Where this is not practical, annealing 
as in ordinary welding practice will help the qualities of the weld. 

Wrought Iron 

Wrought iron is made from a pasty mass instead of from a liquid 
as in the case of steel. It is a low carbon iron which contains many 
elongated particles of iron silicate slag. Its claim to superiority over dead 
soft steel is that it has a fibrous structure, which perhaps increases its 
toughness and its resistance to breaking under bending or under a sudden 
blow or shock. It is also claimed that iron in this condition is more 
corrosion resistant than ordinary steel. 



WELDABILITY OF METALS $35 

As seen above, wrought iron is simply a form of steel with a low 
carbon content (usually below .12%)- and a small amount of slag. The 
usual procedure for welding steel should be followed. The carbon being 
low, there is no ill effect of sudden cooling. The metal added, however, by 
the bare or lightly coated electrode will not have the ductility of the 
wrought iron. However, the shielded arc process is usually employed and 
weld metal can be deposited having a high ductility and a tensile strength 
even greater than the wrought iron, and of high corrosion resistance. 

Forgings 

A forging is in effect a carbon steel which has been properly preheated 
and then hammered either by hand or by a steam hammer, into the proper 
shape for use. This mechanical treatment, like rolling, gives the forging 
certain desirable characteristics. In this way are made many automobile 
axles, connecting rods, crankshafts, gear blanks and many small parts 
which could not be rolled. A great many forgings are afterwards given 
heat treatments which impart to them required physical properties for 
various uses. 

Forgings may be readily welded following the usual procedure for 
mild or low carbon steel, remembering that with the bare or washed 
electrodes the weld will not be as ductile or have the same characteristics 
as the original forging. 

Use of the manual shielded arc process usually employed is advan- 
tageous in welding forgings, for with this process a weld high in ductility 
and strength is produced. 

In case the forging has been heat treated, it must be remembered that 
welding will destroy the effect of the heat treating in the vicinity of the 
weld. However, when the shielded arc process is used the forging can 
be heat treated again and even reforged successfully. 

Copper and Bronze 

Copper is usually a very pure metal. It is a good conductor of heat 
and is tough, ductile and malleable. 

Copper has two characteristics however, which from welding view- 
point are not so desirable. First, it absorbs gases such as carbon monoxide 
and hydrogen readily. These are released when the metal starts to 
solidify. When entrapped, porosity results. 

Secondly, it oxidizes rapidly when undergoing fusion and the oxide 
is dissolved in the molten metal. It is possible for it to take up such large 
quantities that the mechanical characteristics of the weld metal would 
be very seriously affected. 

Another characteristic which makes copper difficult to apply is that 
the tensile strength decreases very rapidly as the temperature increases. 
This is true from 500 degree F. and up. The result is that at 900 degree F. 
the tensile strength is approximately 40% of what it is under normal 
atmospheric conditions. 

Copper has a high coefficient of contraction. Care should be taken 
that contractional movements during cooling of the weld are counter- 
acted so that the weld metal or the metal adjacent to it will not fail due 
to low tensile at approximately 900° F. 
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Deoxidized Copper , — Copper containing small percentage of silicon, 
phosphorous or other deoxidizer is commonly designated as deoxidized 
copper to distinguish it from commercial or electrolytic copper. Presence 
of the deoxidizer inhibits the formation of cuprous oxide at the grain 
boundaries of the copper and thus makes feasible fusion strength of 
30,000 to 35,000 lbs. per sq. in. Use of deoxidized copper filler rod is 
desirable, of course, to assure a weld having the characteristics of the 
deoxidized base metal. 

Melting Temperature . — Copper melts at about 1980 deg. F. It has a 
rate of heat transfer approximately ten times higher than that of steel. 
The ratio of expansion and contraction is in the ratio of steel to copper 
of 63 to 93. 

Preparation of the Joint — First, the joint to be welded must be clean. 
If oxides exist it may be cleaned by using 10% sulphuric acid solution 
which has been warmed. Thickness up to J4" need not be beveled for 
welding but above that it is recommended in accordance with the same 
beveling as for steel joint (Page 41) . Welding is greatly facilitated when 
the work is clamped to a backing of carbon or graphite blocks beneath 
the joint. If this is not practical then elevate the two sheets to be welded 
with pieces of metal about the thickness of a hack saw blade, the elevating 
pieces being placed so that the bottom of the joint and the work table 
have a space between them. This permits the deposit of a small amount 
of excess metal on the underside of the metal, sufficient so that when the 
weld is completed, die underside can be machined and still have the weld 
flush with the parent metal. See Fig. 436. 



Fig. 436. 


Welding . — Copper may be welded by the carbon arc process either 
manually or automatically, or by use of metallic shielded arc electrode. 
Where practical, the automatic carbon arc process is recommended for 
best results, namely a smooth, dense weld. However, the manual carlx)n 
arc produces very satisfactory results when a high capacity, high efficient 
arc welder capable of delivering uniform welding current is used. This 
type of arc welder is necessary to maintain the required voltage, which 
is from 35 to 50 volts, depending on thickness of plate. 

The composition of the filler rod will vary according to the physical 
characteristics required of the welded structure. If the weld must have 
low electrical resistance, the filler metal may be of pure copper or cad- 
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mium copper. Where electrical or thermal conductivity are not essential 
but where only ductility and physical strength are required the filler metal 
may be of Everdur, Silicon copper, or suitable grade of phosphor bronze. 





CARBOli BACK UP 

Fig. 437. 


The manual process may be used by applying the proper size rod 
to the plates to be welded with a distance of about /<&' between the 
plate edges to be welded. See Fig. 437. The rod is melted into the plate 
and fed in by hand as the weld progresses. The rod used would be about 
20% heavier than the thickness of the metal being welded. The best 
results are obtained at high speed. A welded joint in copper produced 
in this manner is shown in Fig. 438. 




Fig. 438. Welded Joint in copper produced by the manual carbon arc process. 


Direct the arc on the filler rod. 

It should be noted that, due to the high heat conductivity, when light 
currents are used, preheating is necessary. This can be done with the 
carbon arc l" or more in length, and moved rapidly over the surface. It 
should also be noted that while cold rolled copper may have a strength 
of 55,000 lbs. per sq. in. that the strength of welded copper cannot be 
higher than annealed copper which is around 30,000 lbs. per sq, in. 

The arc should be long. The distance between the carbon electrode 
and tie work being such as to allow the carbon monoxide produced by 
the carbon arc to combine with oxygen and the atmosphere instead of 
entering into combination with the copper and forming an oxide with 
the resultant low physical characteristics as outlined above. 

The weld should be made completely in one pass. The backing of 
carbon or graphite is recommended as being very helpful. 
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The results will vary with the quality of the copper, probably varying 
with the oxygen content. Best results will be had with deoxidized copper 
plates or sheets. 

Steam — or moisture-producing fluxes must be kept away from the 
arc because of the readiness with which molten copper absorbs hydrogen. 

It should be noted that there are two characteristics which must be 
observed. The first is that welding at high speed produces the best results. 
For example, better welds are produced at 20" per minute on Y4* plate 
using 600 amperes at 40 volts, than will be obtained at 7" per minute 
using 200 amperes. Second, voltage of the carbon arc must be high, that 
is, a long arc must be used. 

Shielded Arc Welding of Copper and Bronze. — A shielded arc 
electrode of the Phosphor Bronze type is used. The coating shields the 
molten metal from the contaminating influence of the air and assists in the 
easy flow of the metal in the arc. The resulting deposit is homogeneous 
and of good tensile strength with the characteristics of true phosphor 
bronze. 

Applications include: Building up and filling in bronze castings, 
welding of brass and copper, etc., welding of busbars, large contacts, etc., 
welding of impeller blades in many pumps and turbines, building up 
bronze valve seats, building up bearing surfaces of bronze on steel or 
cast iron, fabricating ornamental bronze and bronze doors, etc., building 
up various guides, etc., such as locomotive guides, etc. Many types of 
bronzes such as manganese bronze and aluminum bronze are exceedingly 
difficult to braze and may be welded satisfactorily by shielded arc 
electrodes. 

Procedure. — Positive polarity should be used, i. e., electrode positive, 
work negative, with the following values: 


Size 

Arc Voltage 

Amperage 

Vs" 

22-26 

50-125 

•h" 

24-28 

70-170 

A" 

24-28 

90 - 220 


For best results the electrode should be held at approximately 90 
degrees to the work. 

On thin copper or bronze, it is generally unnecessary to preheat the 
metal. As the work progresses and the heat builds up, it may be necessary, 
in some cases to reduce the current. 

On heavy copper and bronze, preheating may be necessary due to 
the high heat conductivity of these metals. This preheating usually can 
be accomplished most easily by using a carbon electrode with negative 
polarity and rapidly moving the arc over the area to be welded. 
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A fillet weld specimen in bronxe, produced by an electrode of the 
above type is shown in Fig. 439. 



Fig. 439. Fillet weld In bronze produced with phosphor-bronze type shielded arc 
electrode. 


It should be kept in mind that the characteristics of the base metal 
are of great importance in determining the characteristic of the joint and 
fusion zone. As an example if some lead is present and the base metal is 
melted into the welded joint then porosity will result — this being caused 
by the admixture of the base metal. 

Therefore, since high current, high temperatures, or considerable 
penetration will cause a great admixture of the base metal, the first lay ei 
procedure should take this into account. If a metal of this type must be 
welded then the probabilities are that porosity will exist at the junctures 
of the bead with the base metal and of the beads or layers. It is therefore 
advisable to put on as much metal per bead, or layer, as practical* 

Types of metals which evolve gases in the molten state, just about at 
the point of solidification, result in porosity. In some cases the use of 
higher current, keeping the work hot, will tend to reduce this porosity. 

Holding the electrode at an angle so that the flame of the arc is 
directed back over the work will aid in permitting the gases to bubble 
through to the surface. 

Where the work has to be machined it is, of course, necessary that 
the original, or base metal, be cut away so that when the deposit is made 
the line of machining will come through near the top of the deposit and 
not at the junction zone. The work must be laid out to obtain this result. 

Everdur 

Everdur, a coppePsiUcommanganese alloy, can be easily welded by 
either the metallic or carbon arc. 

When welding with metallic arc an electrode of the same composition 
as the base metal is generally used. The size of the electrode and the 
thickness of the work to be welded regulate the amount of heat required. 
Polarity of the welding current should be reversed. The edges of the joint 
to be welded must be clean and free from scale. A flux composed of 90% 
fused borax and 10% sodium fluoride is considered most satisfactory 
when welding with a metallic arc. 
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The procedure given for metallic arc welding of Everdur is also appli- 
cable in general to carbon arc welding, with the exception that a shorter 
arc is held with the carbon electrode and using straight polarity. Where 
additional filler metal is necessary it should be the same composition as 
the base metal. 

An automatic carbon arc may be used for welding Everdur. No flux 
is necessary for this process because no metal passes through the arc in 
automatic carbon arc welding. The welds will have a tensile strength 
equal to the base metal and are usually machinable and have an except 
tionally smooth finish. Whether welding with metallic or carbon arc the 
edges of the base metal should be free from scale, as scale prevents proper 
fusion. 


Brass 

Brass can be welded manually by use of a suitable electrode or auto- 
matically with the carbon arc. Some of the zinc content of the base metal 
will vaporize out during welding, so that the weld metal will not be of 
the same composition as the base metal. The electrode should be of the 
shielded arc type, the coating of which aids in causing the metal to flow 
easily in the arc. The electrode is usually phosphor bronze and results 
in a very smooth surface, so it may be applied to numerous jobs such as 
building up bearing brasses, slides, etc. The procedure is in general the 
same as outlined under Bronze. 


Aluminum 

Pure aluminum and various aluminum alloys in sheet, forged, ex- 
truded and cast forms can be welded with either a metallic or carbon arc. 
For metallic arc welding a heavily coated electrode of 5 per cent silicon 
aluminum alloy is frequently used. The electrode coating should be such 
that it will dissolve any aluminum oxide that may be formed during the 
welding process. The coating should also form a very fusible slag to 
cover the molten weld metal and protect it from oxidation while cooling. 
High melting rate on most aluminum electrodes necessitates rapid welding 
and sometimes makes it difficult to get sufficient heat into the work. To 
supply sufficient heat and eliminate a tendency towards porosity along the 
line of fusion, it may be necessary to preheat slightly. 

For manual welding with a metallic arc the general procedures which 
follow will apply to most welding of aluminum. The typical applications 
given with outline of proper procedure are for general guidance. These 
procedures apply not only for welding aluminum of thickness specified 
but also serve as a guide for welding heavier sections. Any specific appli- 
cation should be studied carefully and the general procedure modified in 
accordance with quality of weld desired, the fit-up, and the rate of dissi- 
pation of heat into members to be joined. 

The speeds given in these selected procedures or applications are 
actual welding time only with no allowance for fatigue , cleaning , setting 
up, etc., as these items vary greatly in different shops. Therefore an opera- 
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tion factor should be used depending upon the time the arc is actually in 
operation. The data given are based on the use of a well-known special 
type electrode which is widely used for welding aluminum. The data 
and procedure may therefore vary when other electrodes are used. 

It should be noted that the arc voltage given is the actual voltage 
across the arc while delivering the specified current. The currents design 
nated are those used to obtain the stated speeds. Any variation in current 
from those given will affect the welding speeds. Also the amount of 
electrode per foot will vary greatly depending upon fit-up and other condi- 
tions, and the figures given are intended as a guide only. 

For best results, the polarity of the welding current is generally 
reversed. The electrode is connected positive, the work negative. Direct 
current is recommended. The arc should be short with electrode coating 
almost touching the molten pool of metal; the electrode to be held approxi- 
mately perpendicular to the work at all times. The arc should be so 
directed that both edges of the joint to be welded are properly and 
uniformly heated. Welding should advance at such a rate to make a 
uniform bead. Before starting a new electrode the slag should be removed 
mechanically from the crater of the weld and from approximately one 
inch of the weld back of the crater. To start a new electrode the arc 
should be struck in the crater of the bead, then quickly moved back along 
the completed weld for one-half inch, then the welding should proceed 
forward after the crater is completely remelted. 

Final cleaning of the bead can be accomplished easily by first chipping 
off the excess slag, then soaking the weld in hot 3 per cent nitric add 
solution or warm 10 per cent solution of sulphuric acid for a short time, 
finally rinsing weld with hot water. 

Welding of aluminum in a vertical plane can be accomplished by 
proceeding either in a downward or upward direction. Either a straight 
line forward motion or a weaving motion may be used in advandng the 
arc. Overhead welding should be made with a number of straight beads. 
The same general instructions as given previously apply for both vertical 
and overhead welding. In tack welding the current can be increased 
approximately 50 per cent above that for continuous welding. The elec- 
trode should be manipulated in a rotary motion. 

Butt Welds. — The work should be held in position by jigs and 
backed up by copper, as illustrated in Fig. 440. When butt welding 
plates ]/&" and thicker the copper backing should be slightly grooved 
beneath the joint to be welded. 

Welding of butt joints in % 6 " plate and heavier should be done with 
two beads, as indicated in Figs. 443 and 444. No backing or clamping 
is required for welding joints in this manner. 

The general procedure as given previously should be followed in 
making these types of welds. 
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Fit up without gap may be used but the result will be a higher bead. 
With no gap on 34 " plate, % 6 " rod and 225 amps, are used. For 
plate no gap butt joint, J4" rod, 3 10 amps., 20 volts. 

A butt weld specimen is shown in Fig. 445. 



Fig. 445. Butt weld In 14 gauge aluminum. 


Lap Welds. — This type of weld should be made in accordance with 
the general procedure outlined previously, except that the manipulation 
of the electrode should be in a small rotary motion, playing the arc first 
on the upper member of the joint and then on the lower member. The 
electrode should be held in such a position that the angle between the 
electrode and the horizontal plate is approximately 45°. Plate or sheets 
V$" or less in thickness should be clamped in position for welding, as 
indicated in Fig. 446. 





Fig. 446. 



Fig. 447. 


Joint 

Beads 

Of 
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Elec- 

trode 

Size 

Current 

Amps. 

Min. 

Arc 

Volts 

i 

Arc 
Speed 
Inches 
Per Min. 

Arc 

Speed, 

Ft./Hr. 

Lbs. of 
Electrode 

1 Per Foot 
of Weld 

Fig. 446 
14 ga. 

1 

w 

65 

20 

13 

65 

.033 

Fig. 446 i 
}i v plate 

: 

1 

w 

X20 

i 

20 | 

16 

80 

.0537 

Fig. 447 
Opiate 

1 

W 

170 



70 

.086 

Fig. 447 
e 

1 

X' 

250 

20 

14 

70 

.140 















344 


PROCEDURE HANDBOOK OP ARC WELDING 


Fillet Welds . — In making fillet welds the electrode should be held 
in such a position that the angle between the electrode and the horizontal 
plate is approximately 45°. The electrode should be manipulated with a 
small rotary motion with the arc being played first on the vertical member 
and then on the horizontal member of the joint. With the above except 
tions the general procedures given previously should be followed in mak- 
ing fillet welds. 
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Fig. 448. 


Joint 

Beads 

or 

Passes 

Elec- 

trode 

Size 

Current 

Amps. 

Min. 

Arc 

Volts 

Arc 
Speed 
Inches 
Per Min. 

Arc 

Speed, 

Ft./Hr. 

Lbs. of 
Electrode 
Per Foot 
of Weld 

Fig. <448 
yi opiate 

1 


120 

20 

12 

60 

,0715 

Fig. 448 
% Opiate 

1 


170 

20 

10 

50 

.120 

Fig. 448 
% opiate 

1 | 

w 

170 

20 

9 

45 

.133 


Edge Welds. — General instructions as given on Pages 340 to 341 
apply for making this type of weld. 


ff 

d 

jd 

4. Fi «- 

449 

Beads or 

Passes 

Electrode Size 

Current Amps. 

Min. Arc Volts 

Arc Speed 

Inches Per Min. 

Arc 

Speed, Ft. Per Hr. 

Lbs. of Electrode 

Per Foot of Weld 

18 ga. 

■ 

m 

40 

20 

28 

140 

.0086 

14 ga. 


w 

65 

20 

24 

120 

.0178 

yi* plate l 

1 

mm 



22 

110 

.039 

Hs* plate 

1* 

E 9 

! 170 

20 

16 

80 

.075 

plate 

1* 

yi" 

250 

20 

16 

80 

.11 


♦Weave this bead. 
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Comer Welds. — This type of weld is made by following the general 
procedure given on Pages 340 to 341. 


© 


Fig. 450. 


Joint 
Fig. 450 

Beads 

or 

Passes 

Elec 

trodc 

Size 

Current 
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Min. 
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Arc 
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Inches 
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Arc 
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Ft./Hr. 

Lbs. of 
Electrode 
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of Weld 

Jie>* plate 

1 

w 

65 

20 

24 

120 

.0178 

yi v plate 

1 

— 

120 

20 

22 

110 

.039 

plate 

1 

w 

170 

20 

20 

100 

.060 

plate 

1 

X’ 

250 

20 

20 

100 

.070 


Monel Metal 

Monel metal is an alloy of approximately $4 nickel and J/3 copper, 
usually containing small amounts of tin, manganese, silicon and carbon 
rarely totaling more than 2% "4%. 

Monel metal is regularly welded by all the processes commonly used 
with steel, including metallic arc and carbon arc. 

The development of a heavily-flux-coated electrode of the shielded 
arc type has improved the arc welding characteristics of this metal. The 
miniature electric furnace effect resulting from the use of these thicker 
fluxes has resulted in welds of great ductility, strength and soundness, 
and, incidentally, good penetration with no under-cutting. The higher 
concentration of heat with the shielded arc type of Monel metal elec- 
trodes permits somewhat higher speeds and, consequently, less buckling. 

The diameter of the shielded arc electrode should approximate the 
thickness of the sheet being welded, up to about % 6 ". For plate heavier 
than that, either a % 2 " or B A$" electrode can be used. Generally, if the 
electrode is held in position ahead of the arc — that is, if the electrode is 
“pulling” rather than “pushing” the arc — and the rod is held at any 
angle between 45° and vertical, very satisfactory results will be obtained. 
A uniformly short arc, as short as can be maintained without quenching, 
is to be preferred. 

Reversed polarity, electrode positive, work negative, will be found 
most satisfactory when using the Monel metal electrode of the shielded 
arc type. A very uniform arc condition is obtained, resulting in a smooth 
uniform bead. 
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Determining the Correct Machine Setting. — The most convenient 
way of determining the best heat for a given job is to set the machine 
approximately and then proceed to weld. If the weld metal is not flowing 
out smoothly, the amperage should be raised, but if the weld metal is 
boiling, throwing off a shower of sparks and spattering generally, and the 
surface of the weld metal has a burnt appearance, then amperage should 
be lowered. It is difficult to make any but very general recommendations 
regarding machine settings because the following conditions surrounding 
a welding set-up seriously influence the setting of the machine: The 
machine itself; gauges of sheet being welded; whether welding single or 
multiple bead; whether joint is backed up with copper or being welded 
in the open; whether sheets are clamped to jigs or not, etc. All of these 
considerations are important and the operator must use his own best 
judgment in determining the machine setting which satisfies the conditions. 

Setting Up and Welding Light'Gauge Sheets . — Seldom is the upper 
gauge limit for metallic arc welding of sheet metal of particular interest, 
but the question is rather how thin a gauge can be welded by this method. 
Ordinarily, .037" (20 ga.) is considered the lower limit at which Monel 
metal can be conveniently welded by the metallic arc process. However, 
much welding by both carbon and metallic arc methods is being done in 
lighter gauges than this, but only through proper preparation of joint, 
judicious use of jigs, and experience. The use of electrode with small 
welding machines permits welding of lighter gauges. For example, with a 
properly backed-up butt seam, held down tightly against the copper- 
backing bar, it is possible to arc weld 0.031" Monel metal sheet by the 
metallic process, but this requires practice and a background of experience 
with these gauges. 

Monel metal welds can be ground and polished on either or both 
sides, and these polished welds will be very clean and free of any porosity 
or slag inclusions. X-rays of Monel metal metallic arc welds on plate 
up to Vi' thick attest to the soundness of these welds. 

A transverse bend test is commonly used as a quick means of deter- 
mining the ductility of the deposited metal. When applied to Monel 
metal, a complete 180° bend is obtained without sign of fracture, the 
pieces being hammered back to back. 

Maintenance of a uniformly short arc is all important in the use of 
the Monel metal electrodes if maximum penetration and protection of 
weld metal are to be obtained. A slight slow weave across the seam is 
desirable to insure a more uniform penetration. On gauges ordinarily 
welded with one or two beads, there is no necessity for preheating, but 
where castings are to be repair-welded, it is desirable that these be warmed 
slightly before welding. After welding, the flux is easily removed by 
means of hand tools such as a chisel, handle end of file, etc. If any flux 
remains, it will not absorb moisture from the atmosphere, nor will it be 
corrosive to the parent metal. 

Procedure for Using the Carbon Arc. — The carbon arc method of 
welding is being applied to Monel metal with no difficulty. It is, of course, 
necessary that the carbon pencil be negative (straight polarity) and that 
a suitable, coated welding rod be used. The Monel metal carbon arc 
welding rod is available for welding Monel metal. With the carbon arc 
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process, the carbon pencil is oscillated slowly across the seam and the 
coated filler rod dipped into the arc flame to melt off small drops of metal. 
This procedure of carbon arc welding is used rather widely on the 
gauges around .062" and .050" because of particular ease in working of 
uniform penetration. 


Nickel 

Nickel is regularly welded by all the processes common with steel. 

For metallic arc welding a heavily-flux-coated electrode of shielded 
arc type results in excellent welding characteristics. The welds have 
high ductility, strength and soundness, with good penetration and no 
undercutting. 

The procedure is essentially the same as outlined for Monel metal. A 
shielded arc electrode is used. The work is negative, electrode positive. 
The current is determined as indicated under the welding of Monel 
metal. 

Welds in nickel, when ground, are clean and free from porosity. A 
transverse bend test shows slightly less ductility than Monel metal. A 
bend of 160° is the average deformation obtainable without cracking. 

Nickel may be welded by the carbon arc process, the carbon being 
negative and the electrode being of suitable coated type. The carbon 
arc is used rather widely on sheets .062" and .050" thick because of 
the ease in working. 


Nickel-Clad Steel 

Nickel-clad steel is a ply material having a dense homogeneous sheet 
of pure nickel on a foundation of mild steel. The nickel cladding pos- 
sesses the same chemical and physical properties as hot-rolled or hot- 
forged nickel in other forms. The cladding is firmly bonded to the steel 
base plate. The bond between the cladding and base plate provides the 
clad plate heat conductivity equal to that of solid steel or solid nickel 
plate. Maximum thermal efficiency is, therefore, obtained in all equip- 
ment requiring heat transfer through the wall. Thermal coefficients of 
expansion of the nickel and steel are nearly identical. 

The choice of nickel-clad plate to meet particular corrosive conditions 
is governed by considering what may be expected of pure nickel. 

Joints in nickel-clad steel are usually made by welding, the nickel 
side being welded with nickel welding rod to obtain a continuous nickel 
surface which protects the steel base from corrosion at the joint. Heavy 
steel plate is generally welded by the metallic arc process. 

Where beveling is done by hand chipping, it is usually desirable to 
weld the steel side first to avoid the possibility of burning through, to 
prevent uneven welding, and other difficulties arising from variations 
in the separation of the joint and the thickness of the lip at the root of 
the bevel. 

The skilled operator should have no difficulty in welding the nickel 
side. Operators inexperienced in the welding of nickel should study 
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Fig. 451. Butt welded Joint metallic arc welded. 


instructions on the welding of solid nickel plate, and then should make 
a sufficient number of test welds to enable the adjustment of their 
manipulation to suit the characteristics of nickel welding. 

Principal points to be observed in the preparation of the joints, 
assembly and welding, include: (1) edges of the plate should be planed 
to give uniform alignment at the joint; (2) beveled butt joints should be 
assembled with the edges of the bevel at the lip closely butted; (3) joints 
should be welded first from the steel side, the nickel side should be cleaned 
free from icicles, slag, and heavy oxide. It is advisable to chip the seam 
with a round nose chisel to a depth necessary to expose sound metal at 
the root of the steel weld; (4) nickel metallic arc welding wire, for 
welding the nickel side. Electrodes may be procured in sixes % 2 " to 
diameter by 18" long; (5) operator should make trial welds with 
reversed polarity at several current values, and select the amperage that 
best suits the nature of the work and his own manipulative methods; 
(6) short arc, % 6 " to Y%” long, is an absolute necessity; (7) selection 
of the size of electrode and the adjustment of the welding current must 
properly balance the penetration and rate of electrode fusion. 

Various joints are used to meet the particular needs of the con- 
struction. The beveled butt joint, Fig. 451, should be employed whenever 
the nature of the work allows this type of joint. Field erection of large 
storage tanks may require the lap joint, Fig. 452. 

For outside comer welds, it is preferable to use the methods shown at 
C and D, Fig. 453. Method A, Fig. 453, is not advisable due to large 
iron content of nickel weld metal in single bead. Multiple beads, as in 
B, Fig. 453, will show low iron content in the cover weld. 

Points to observe in vertical welding of nickel-clad steel are illustrated 
diagrammatically in Fig. 454. Electrode size and current setting should 
be determined by careful trial. The welding is started with a deposit 
at the bottom of the seam to form an almost horizontal face or shelf. The 
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Fig. 452. Lap Joint, welded with metallic arc. 


1 


electrode is inclined as shown in Fig. 454. Fusion at the base of the weld 
is kept slightly in advance of the outside. Peening is desirable to compact 
the nickel weld metal and enhances the weld density, strength, and 
appearance. In peening, flat' faced tools slightly rounded at the comers 
are used. The use of sharp -cornered tools, which might cut into the nickel 
aleng the line of the weld, must be avoided. 






Fig. 454. Vertical welding of nickel-clad steel by metallic arc. 
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“Inconel,” Nichrome and Similar Alloys 

“Inconel” is an alloy composed principally of nickel combined with a 
much smaller percentage of chromium, resulting in a metal which is 
non-tarnishing. Approximate analysis is 80% nickel, 14% chromium 
and 6% iron. 

It has excellent physical characteristics arc welded joints developing 
ultimate tensile strength of over 90,000 pounds per square inch and 
ductility of as much as 35% elongation in 2 inches. Inconel may be 
formed or otherwise shaped. Elongation and tensile strength do not 
vary greatly up to about 700° F. At that point these values decrease to a 
minim um at about 1400° F. This may be called “the hot short range.” 
In the fabrication of parts these characteristics must be considered. It is 
available in the usual commercial forms — as sheet, plate, pipe, rods, etc. 
Since it is relatively expensive it is usually used in light sections or thin 
sheets, such as 18 gauge up to 

Inconel welds are rough-ground with coarse rubber-bond high speed 
grinding wheels. The finish then is gradually brought up by using finer 
grits of emery glued to sewn cloth wheels. Do not overheat metal. This 
grinding operation is accomplished rather easily. 

A shielded-arc electrode is available for welding Inconel and other 
similar corrosion and heat-resisting alloys, containing from 70-80 % nickel 
and from 11-15% chromium. Since these alloys are used largely in sheet 
form, small electrodes are usually used. 

Polarity: Electrode positive and work negative. Hold a short arc. 
Use the following current: 


Rod 

Amperage 

Arc 

Size 

Range 

Volts 

w 

30-70 

23-26 


If more than one bead is used, clean the slag thoroughly from the 
preceding bead. 

Thin sheets should be clamped against a copper or steel backing to 
maintain alignment of the seam and to make an easier welding job and to 
prevent the burning through of the base metal due to an improper fit up. 
In vertical and overhead welding, use the current on the lower side of 
the range. 

Combinations of Various Metals 

For maximum all-around economy, some applications require the 
welding of a combination of different metals. These combinations in- 
clude: brass-to-steel — cast-iron-to-steel — high-manganese-to-low-carbon 
steel. Certain general conditions are to be considered in these cases. 

The bead joining the two metals will be of composite make-up, due 
to the dilution or in-wash of one metal by the other. 

This hybrid bead must be carefully considered as to its physical char- 
acteristics relative to the base metals. The heat effect of welding also 
affects the results. A third metal, deposited as a transition bead, may 
be used, and its effects are to be considered. 






WELDABILITY OF METALS 


351 


Brass'tO'Steel . — Assume that it is required to join a brass bar to steel 
plate with a lap joint. A bronze electrode (see Page 338) is used. First, 
deposit bronze beads on the steel. These beads are then joined to the 
brass by the same type of bronze electrode. See Fig. 455. This same 
general procedure is followed in another case of cast-iron-to-steel. 



Fig. 455. Racks used to carry finished machined crankshafts and other motor parts. 
Brass bars are welded to steel to provide a rigid economical construction not injurious 
to machined parts which they hold. 


Cast'Iron'tO'Steel. — A suitable steel bead is placed on the cast iron. 
This may be of one or several layers. There are now in effect two steel 
surfaces which can be joined by the usual steel electrode. In some cases, 
where parts are not free to move or the cast iron is a bit difficult to weld, 
a special cast iron electrode (see Page 327) is used to deposit the bead on 
cast iron. This is then joined to the steel in the usual way as outlined 
above. In some cases the transition bead is an entirely different metal 
such as would be used in joining high manganese steel to low carbon 
steel. 

High'Manganese'tO'Low'Carbon Steel . — Due to the characteristics 
of manganese (see Page 320), an 18-8 stainless steel electrode (see Page 
304) is used to deposit a bead on the manganese and this bead is in turn 
joined to the low-carbon steel by a stainless steel electrode. Or the 
stainless steel transition bead can be joined to the low carbon steel by 
a steel electrode. 

These examples illustrate the use of transition or intermediate beads, 
and suggest that when two dissimilar metals are to be joined an electrode 
should be selected which may be easily and effectively deposited on one 
metal to form a surface which may then be joined readily to the other. 
Due regard for physical properties and heat effects upon these combina- 
tions of metals must be taken into account. Numerous problems are 
readily solved by this method of using transition beads. 
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Principles of Surfacing by Welding 

Although surf acing by welding was used mostly for salvaging worn 
equipment in the early days of welding, the process is recommended and 
economically employed in applying effective wearing surfaces to new 
equipment during manufacture or prior to use. 

The application of surfacing by welding should be considered from 
the viewpoint of service life of the equipment. Any piece of equipment 
must perform satisfactorily and meet certain very definite load conditions. 
Service life, measured in performance and cost of that performance, must 
be adequate. This adequate performance may be obtained either by 
mating the entire part of a given kind of metal, such as steel, or by using 
one metal as a support and another to receive the load. 

Four definite reasons for the use of surfacing in the fabrication of 
various types of equipment are: (1) It improves service life; (2) It 
reduces overall cost; (3) It lessens operating cost; and (4) Dimensions 
are maintained within fairly narrow limits when surfacing is used as 
compared to a single metal. The service life of equipment involves the 
load conditions to which the parts are subjected. These loads may be 
classified as to rate of application of the loading such as uniform, impact, 
and vibrating. Other factors affecting service life include wearing condi- 
tions, such as abrasion or corrosion and conditions of temperature. Under 
impact loading, the time rate of application of the load is important. The 
impact effect of a slow-moving train on the rails as it traverses a cross- 
over is very much lower than that of a train traveling at high speed. 
In another instance, impact may be momentary as in the case of a shovel 
tooth striking a rock, or a cam operating in a machine. In considering 
wear, abrasion is usually regarded as a grinding action as when operating 
in sand; or a sliding, rubbing, or rolling action as when one metal moves 
over another. Corrosion involves gas or atmospheric conditions as well as 
liquids and, in some cases, the action of solids on the material under 
consideration. Operating temperatures also affect service life. 

Insofar as surfaces deposited by arc welding are concerned, another 
consideration is important. This is the condition of the surfacing metal 
immediately after it is deposited. The surface either possesses its com- 
plete characteristics as deposited, or it must receive some subsequent treat- 
ment. For example, one surface may be hard as deposited, while another 
may require peening to obtain the desired hardness; or, in another case, 
the surface may require heat treatment after deposition. Thus, surfaces 
may be classified under two groups, viz: (1) load conditions and (2) 
condition of the surface after deposit, the latter being a factor in consider- 
ing load requirements. 

Electrodes are available for the deposition of different types of sur- 
faces, each having its own characteristic. These electrodes may be 
grouped according to the ability of their deposits to resist: 

1. Impact; which may be light or heavy in force, or may tend to 
deform the surface of the metal or cause cracking or chipping. 

2. Abrasion; which may be either a grinding action due to contact 
of metal with sand, gravel and similar abrasive materials; or a 
sliding, rolling or rubbing action of one metal against another. 
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3. Impact and abrasion in combination; with one moderate, the 
other severe or both moderate or severe. 

4. Corrosion; including actions of various chemicals, water and also 
oxidation or scaling at elevated temperatures. May be gaseous 
or liquid, or gaseous and liquid in combination. 

5. Temperature; which may exist in conjunction with each of the 
above conditions. 

Electrodes may be used to obtain surfaces of fairly high carbon steel. 
The exact hardness depends upon the rate of cooling and, to a lesser 
degree, upon the carbon content of the supporting metal on straight 
carbon steel. With natural cooling, hardness may be 20 to 45 Rockwell C. 
Peening increases hardness, for example, from 33 to 40 Rockwell C. 
Quenching in cold water at 1450°F. increases hardness to 50 Rockwell C. 

Where shock and abrasion are factors, deposits may be air hardening 
alloy steel. Hardness of the deposits ranges between 40 and 45 Rockwell C. 
Depending on carbon content of the supporting metal, hardness may run 
as high as 52-55 Rockwell C. Parts of equipment subject to sliding, 
abrasive action, batter or repeated pounding and impact may be surfaced 
effectively with this type of deposit. 

Where the surface is subject to sliding actions, and the parts must 
retain their dimensions under high temperatures — as, for instance, in 
metal cutting — a deposit equivalent to high-speed tool steel may be 
obtained. Such deposits, in original condition, will have hardness of 50-55 
Rockwell C., provided it is not diluted too much by the supporting metal. 
When this dilution is kept to a minimum, as by using 2 beads, hardness 
may be as high as 60-62 Rockwell C. The surfacing metal retains its 
characteristic at rather high temperatures, approximately 1000° F. 

Where an abrasive scouring action but very little, if any, battering or 
impact is encountered, as on agricultural implements, an abrasion resisting 
self -hardening alloy may be used to excellent advantage. Moderate peen- 
ing increases the hardness from approximately 20-30 Rockwell C., to 
approximately 50 Rockwell C. The deposit retains its toughness with 
maximum hardness at the surface which is cold worked. The deposit 
may be hot forged. 

When the type of deposit required to meet a given service condition 
is known, the selection of a suitable electrode is readily made. The table 
on Page 356 describes six different conditions very frequently met with in 
hard facing and the qualities of deposits from six well known electrodes 
which meet the conditions. 

As an example of the use of surfacing to meet service conditions, 
take a cutter such as shown in Fig. 456 which is used for cutting rather 

currtMG 
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fibrous material under vegetable-acid conditions. The edge must cut, 
the sides must resist abrasion and all parts must be corrosion-resistant. 
Using a single metal to meet all requirements would obviously result in 
a compromise. By use of surfacing, however, the edge may be hard tool 
steel, and the sides an abrasion-resisting surface and the whole tool re- 
sistant to corrosion. 

Another example is a cam as shown in Fig. 457. Here impact and 
sliding are the service conditions. At the point of impact, an impact- 


IMPACT 



Fig. 457. Hard-faced cam. 


resistant bead is placed, and at the point of application of sliding, a 
sliding-resistant bead is placed. Both are supported by a low cost base 
metal. 

Surfacing applications such as these give the machine designer a 
freedom that permits him to meet the service requirements accurately. 
Moreover, the original dimensions can be maintained within reasonably 
narrow limits. 

Surfacing by welding is very economical in a great many instances. 
Usually the surfacing metal which is rather expensive, is placed on a 
metal of rather low cost. The expensive metal need not be used except 
where it is in direct contact with the loading. Therefore, the total cost 
of the equipment including surfacing need never exceed the cost of the 
original equipment of single-metal construction. 

For example, assume a single metal part of weight (W) which costs % 
cents per pound. A new design is desired, taking advantage of the 
economy of surfacing. We will assume that the proper surfacing material 
has been selected. The new part is to be made of metal of weight W 1 
costing and surfacing metal w costing xtj: per pound. The problem 
becomes one of calculating the maximum permissible cost for the new 
design, assuming that the old one is efficient. 

How Cost of Surfacing Is Calculated . — The maximum permissible 
cost for new design, assuming old design is efficient is the cost of the 
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less expensive metal plus the higher-cost surfacing metal or xw+yW 1 . 
This must not exceed Wz, the original cost. The calculation for cost 
follows: — 


xw + yW 1 = 

Since W — 

xw + yW 1 = 

xw — zw = 

(x — z) w = 

(x-z) 

w = 

(*— y) 

Add w to both sides 
(*-«) 

w + w = 

(*— y) 

(x — z + z — y) 

w = 

(*— y) 

(*-y) 

w = 

(*— y) 


w = 


zW 

w + W 1 
zw + zW 1 
zW 1 — yW 1 
(z — y) W 1 

W 1 


W 1 + w = W 


W 


W 


(*-y) 
(x — y) 


W 


As an example, the maximum weight of surface metal at $2.00 (z) per 
lb., with the supporting metal (y) at 5 $ per lb., and the cost of original 
design, using single-metal construction at $0.80, is: — 


80—5 75 

= = 38.5% 

200 — 5 195 


The calculation shows that the surface material may be as high 
at 38.5% of the total weight without exceeding the original cost. This 
clearly indicates the possibility of cost reduction as 38.5 % is an extremely 


Cost 

Percentage of Total Weight Which May Be Surface Material 
Without Exceeding Cost of Using One Metal Throughout 

V/ ID* 

Using 

Single 

Metal 


Cost of Surfacing Materials 


$l/lb. 

$2/lb. 

$3/lb. 

$4/lb. 

55/lb. 

Cents 

% 

% 

% 

% 

% 

20 

15.8 

7.7 

5.1 

3.8 

3.0 

40 

37.0 

18.0 

11.9 

8.9 

7.1 

60 

38.0 

28.2 

18.6 

13.9 

11.1 

80 

79.0 

38.5 

25.4 

19.0 

15.1 

100 

100.0 

48.7 

32.2 

24.0 

19.2 

120 


59.0 

39.0 

29.1 

23.2 

140 


69.2 

45.7 

34.2 

27.3 


Hardness of Deposit (Rockwell)* 
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Remarks: Values given are average obtained under laboratory conditions. Results will depend on such variables as current, mass of parent 
metal, size of bead, rate of cooling, etc. In most cases no heat treatment is necessary or desirable. Notes on heat treatment are only to 
identify the type of deposit and provide a guide in case of an unusual application where some heat treatment is used. It should be under- 
stood that these hardness values are with no heat treatments. 
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high percentage for the amount of surfacing on any part. It is obvious 
that any reduction in this weight is very profitable. In this particular case, 
it is at the ratio of 200 to 5 or 40 to 1. Percentages of metals which may 
be surfaced without exceeding original cost are given in the accompanying 
table. 

The table indicates that for a surface material as high in cost as $5.00 
per pound against an original cost of 20^ per pound, 3 % may be surfaced 
by welding and the original cost not exceeded. More usually it will be 
found that 20% or more may be surface metal without exceeding the 
original cost. This indicates the great cost reduction possible by using 
surfaces of high grade metal against surfaces of baser metal. 

Percentages of metals which may be surfaced are also shown in curve 
form in Fig. 458. Knowing the cost per lb. of surface material, and the 
cost per lb. of the part when made of a single metal, the % of total 
weight of the surfacing material which will give a cost not to exceed the 
original cost is easily determined. Any percentage below those given is 
very profitable. It should be noted that too much or too deep surfacing 
may be undesirable. Not only is it costly, but it may be found that the 
metal may not be as satisfactory as when deposited in fewer layers. 
Proper design utilizing hard facing surfaces requires just the proper 
amount of surfacing material. Hard facing, properly used, will permit 
a lower cost than if the part were made entirely of one metal. It will also 
provide improved service life because the surface most applicable to the 
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design may be used without any great reference to the rest of the machine 
or equipment. A reduction in operation cost will also be provided because 
of the superior wearing qualities of the surfacing metal. It is, therefore, 
easily seen that design worked out by selecting the surface to meet the 
load or service requirements will result in superior service life at lower 
costs. 

The hardness of the deposits given in the preceding table is designated 
by Rockwell values. The following conversion table gives the equivalent 
Brinell values. 


Brinell 

Rockwell 

C B 

Brinell 

Rockwell 

C B 

Brinell 

Rockwell 

C B 

no 

70 


401 

42 

113 

235 

22 

99 

745 

68 


388 

41 

112 

229 

21 

98 

712 

66 


375 

40 

112 

223 

20 

97 

682 

64 


363 

38 

110 

217 

18 

96 

653 

62 


352 

37 

no 

212 

17 

96 

627 

60 


341 

36 

109 

207 

16 

95 

601 

58 


331 

35 

109 

202 

15 

94 

578 

57 


321 

34 

108 

197 

13 

93 

555 

55 

120 

311 

33 

108 

192 

12 

92 

534 

53 

119 

302 

32 

107 

187 

10 

91 

514 

52 

119 

293 

31 

106 

183 

9 

90 

495 

50 

117 

285 

30 

105 

179 

! * 

89 

477 

49 

117 

277 

29 

104 

174 

7 

88 

461 

47 

116 

269 

28 

104 

170 

6 

87 

444 

46 

115 

262 

26 

103 

166 

4 

86 

429 

45 

115 

255 

25 

102 

163 

3 • 

85 

415 

44 

114 

248 

24 

102 

159 

2 

84 




241 

23 

100 





Figures in italics are an approximation and are to be used only as 
a guide. 

Procedure for Obtaining High Carbon Steel Facing . — This procedure 
is given for use with a lightly coated electrode which deposits a high 
carbon (approx. 1.0%) steel facing. In welding with this electrode the 
electrode should be positive, the work negative. Wide or narrow beads 
can be deposited as desired. Each bead should be brushed thoroughly 
before depositing the next. Peening the completed bead will harden the 
deposit somewhat. Quenching in cold water will also increase the surface 
hardness. The deposit cannot be machined unless cooled very slowly 
or annealed. When shaping is necessary the facing should be ground. 
The hardness of the deposit depends upon the rate of cooling and upon 
the carbon content of the steel being built up. For best results the work 
should be in as near flat position as possible. However, where vertical 
welding is unavoidable, the welding should start at the bottom and 
proceed upward. Overhead welding is not recommended. The following 
tables give the proper current to be used for the various si2;es of electrode 
when welding in flat and vertical positions. 
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Flat 

Vertical 

Rod 

Current 

Arc 

Rod 

Current 

Arc 

Size 

Range 

Volts 

Size 

Range 

Volts 

w 

25~ 70 

18-22 

w 

25- 70 

18 

H" 

70-110 

18-22 

H' 

70-120 

18 


100-150 

20-25 

W 

125-150 

20 

W 

150-225 

20-25 

w 

150-180 

22 


225-350 

20-25 





Procedure for Obtaining Medium Carbon Steel Facing . — This pro* 
cedure is for a lightly coated electrode with deposit of approximately 
.50% carbon. Deposit wide or narrow beads as desired. Brush each bead 
before depositing another on top of it. Deposit may be hardened by water 
quench from approximately 1500° F. or by flame hardening. Surfaces 
as welded, are machinable. Electrode should be positive, work negative. 

Use following current ranges: 


Electrode 


Arc 

Size 

Amperage 

Voltage 

A' 

150-225 

20-25 

54' 

200-350 

20-25 


Procedure for Obtaining Medium Carbon Alloy Steel Facing. — This 
procedure is given for a type of electrode which deposits a medium 
carbon alloy steel facing. The electrode should be positive, the work 
negative. The welding current should be adjusted to suit the particular 
application. Flatter beads are generally produced at high currents. The 
weaving motion of the electrode should be used where possible. The 
deposited metal is not machinable and must be ground to shape when 
shaping is necessary. Welding should be done in the flat position only. 
The following tabulation gives the current range and arc voltage for 
various sises of electrodes. 


Rod 

Current 

Arc 

Size 

Range 

Volts 

A" 

1X0-275 

28*34 

54" 

150*400 

30*36 


Procedure for Obtaining Semi-austenitic High Carbon Alhy Steel 
Facing . — This procedure is intended for use with an electrode which 
produces a deposit that is largely austenitic when rapidly cooled, but 
which transforms largely to martensite on slower cooling or on cold 
working, thus increasing its hardness and resistance to abrasion. It is 
commonly known as the self-hardening type of facing. Polarity of the 
electrode should be positive, the work negative. In general thick multi- 
layer deposits should be avoided. When facing straight carbon steel or 
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low alloy steel the facing should be built up largely with a high carbon 
steel deposit and overlaid with about two layers of semi-austenitic high 
carbon alloy steel as produced by this particular type of electrode. When 
the application requires a thicker deposit a layer of 18-8 stainless steel 
should be applied first, and then the first deposit should be overlaid with 
semi-austenitic high carbon alloy steel to the required thickness. Each 
layer should be peened after depositing. In hard facing high manganese 
steel, the facing may be built up partially by use of an electrode depositing 
a high manganese-nickel-molybdenum steel, or a semi-austenitic high 
carbon alloy steel deposit may be used entirely. In either case, each bead 
should be peened after depositing to relieve cooling stresses. 

Deposits of semi-austenitic high carbon alloy steel must be ground 
to shape, as they cannot be filed or machined. When welding, the best 
results are obtained by weaving beads about wide. The following 
current values and arc voltages should be used. 


Rod 

Current 

Arc 

Size 

Range 

Volts 

ft" 

100-165 

22-25 

ft" 

125-200 

24-27 

!4" 

175-230 

26-32 


Using Alloyed Powder for Hard" Surfacing. — Many alloyed elec- 
trodes are available for hard-surfacing, but for some purposes, particu- 
larly for a thin surfacing, powder alloy is frequently used and such a 
fine-grained alloyed powder is available, for application with the carbon 
arc to produce a super-abrasion deposit as thin as .025 inch. When 
properly applied will give a coating with a hardness of approximately 
Rockwell 54C. This hardness will vary somewhat depending upon the 
amount of admixture with the base metal to which it is applied. This alloy 
develops its full hardness in the as-deposited condition, maintains its 
hardness at high temperatures and resists scaling at high temperatures. 
The deposit cannot be softened by annealing. Corrosion resistance will 
compare favorably with that of Stainless Steel. Its resistance to abrasion 
is excellent but should not be used where impact is excessive. 

Spread powder evenly over area to be surfaced and to a depth of 2 
to 3 times the desired thickness of deposit. Use a sharp, well tapered 
carbon with negative (normal) polarity and fuse down with a weaving 
motion. The exact heat required depends on size of work. Use enough 
heat to obtain a free-flowing puddle but not enough to dig into the base 
metal. Whenever possible weave the full width of desired deposit and 
build to desired depth in one pass. If more than one pass is required the 
work must be kept hot. Avoid heavy deposits. 

Procedure for Depositing High Speed Tool Steel. — The following 
procedure should be used when welding with an electrode which deposits 
this type of metal. The polarity of the electrode should be positive, the 
w6rk negative. Where only one bead can be used, currents should be 
low to keep down the admixture of base metal with the weld metal. 
Beads should be laid with a weaving motion to insure minimum porosity. 
On vertical surfaces the best results are obtained when welding is started 
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from thp. bottom mid proceeded upward. After .each bead is deposited it 
should be thoroughly cleaned before welding the next bead. The follow' 
ing current values and arc voltages may be used as a guide when welding 
in flat position. The exact values depend upon the mass of the parts 
being surfaced and the desired thickness and hardness of facing. 


Rod 

Size 

Current 

Range 

Arc 

Volts 

ft* 

30- 65 

21-25 

J4* 

65-100 

22-26 

ft* 

90-160 

23-27 

ft* 

125-200 

25-29 

54' 

175-275 

25-31 


The following suggestions will prove helpful in obtaining best results 
in depositing high-speed tool steel: (1) Avoid welding on a cold piece 
of hardened steel, or on deposited metal which has become cold. Always 
preheat to 200° -400° F. and do not allow the part to cool below 200® F. 
if additional metal is to be applied. (2) Do not overheat the deposited 
metal during welding to the point where it shows red heat for more than 
a few seconds after the arc is broken. This can be controlled by balancing 
the electrode size and current against the mass and temperature of the 
part being welded. (3) Wherever possible, weave beads the full width of 
the surface to be built up. This promotes uniformity in hardness and less 
tendency to cracking. (4) After a layer has been deposited, allow it to 
coo l — preferably in still air — to approximately 200 M00 ° F. If for any 
reason, welding must be stopped between beads and the deposit is allowed 
to cool below 200° F. always preheat before resumption of welding. (5) 
Clean up the surface of the deposit well before applying another layer. 
Touching the surface to a grinding wheel to even it up is very helpful. 
(6) Avoid piling up a thick deposit of metal. Two or three layers are 
nearly always sufficient. 

In making cutting tools by depositing high speed steel on low or 
medium carbon base metal, the following suggestions, in addition to those 
previously mentioned, will aid in obtaining best results: (1) If there is 
a choice of base metal, use hot-rolled steel rather than cold-rolled since 
the latter may cause porosity due in some cases to high sulphur content. 
(2) In general, the minimum size tool bit which can be made up economi- 
cally by application of high speed steel by arc welding will be determined 
by the size of the tool, the manner in which it is to be used and the 
frequency of its use. The tool can be ground and refaced and the original 
size retained indefinitely. Small size tools, special tools, or tools of odd 
or intricate shape, can often be made economically. (3) If maximum 
hardness and toughness are desired, reheat the completed tool to 1000° F., 
maintain that temperature for approximately two hours for every inch of 
thickness and cool in still air. (4) If the cutting edge must be finished 
to certain dimensions, a shelf built up with a mild-steel shielded arc type 
electrode at the edge of the deposit will eliminate considerable grinding. 
(See Fig. 460). 

A cutting tool is made by taking a piece of steel of proper analysis 


WELDABILITY OF METALS 


363 


and size, grinding the edge and face to the required depth and distance 
from the cutting edge, then depositing weld metal in accordance with 
the above procedure. After the cutting edge has been built up in the 
manner outlined, the deposit is ground to suit requirements. 



Fig. 460. Diagrammatic sketch illustrating how tool is made by arc welding. 


Procedure for Obtaining Stainless Steel Deposit . — Procedure is given 
on Page 304. 

Procedure for Depositing High Manganese^ickjehMolybdenum 
Steel. — Procedure is given on Page 320. 

Note: It is important, in the writing of welding specifications, that they should 
cover all of the requirements of the particular job. However, there are numerous 
jobs where very simple specifications will suffice. Elaborate specifications should 
be used only where absolutely necessary inasmuch as they tend to increase welding 
costs. 


FLAME-HARDENING 

Flame-hardening is a process in which the temperature of the surface 
of a quench-hardening ferrous material is rapidly raised by means of the 
oxy-acetylene flame to a point above the critical, and then quenched. 
This produces a wear-resisting surface which can be varied, as desired, in 
degree and depth of hardness. 

Flame-hardening possesses distinct advantages over other hardening 
methods. From an economic standpoint, two of these advantages are 
speed and portability. This process permits the hardening of any acces- 
sible portion of an article at progressive speeds of from 3 to 10 in. per 
min., depending on the depth of case desired in contrast to the slower 
methods used in furnace-hardening and in such processes wherein the 
chemical composition of the material is changed as carburizing, cyaniding, 
or nitriding. No furnaces are required and the tools of the process can 
be taken to the work. 

There are also advantages in the adaptability of the process for con- 
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Fig. 461. Typical application of flame-hardening. 

forming to local conditions and for achieving the desired results. The 
localized heating of flame-hardening permits hardening large or irregular 
surfaces, and also helps to minimize distortion. Likewise, the surface of a 
part can be hardened without disturbing its core, whereas in furnace* 
hardening the part is heated throughout. Thus with flame-hardening 
it is possible to heat-treat the core of a part to obtain such desired proper- 
ties as toughness and ductility, and then to flame-harden the wearing 
surfaces to the desired hardness while still retaining the core properties. 

Materials. — In general, any steel that can be hardened by simple 
heating and quenching can be treated by the flame-hardening process. 
Carbon steels should contain at least 0.35 per cent carbon when any 
appreciable degree of hardness is desired, the best carbon range being 
0,35 to 0.60 per cent. Steels with higher carbon content may be success- 
fully flame-hardened, but greater care has to be exercised to prevent 
surface checking or cracking. The table lists a number of types of steel 
which have been successfully flame-hardened. The surface hardness that 
can be expected from flame-hardening any of these steels at least equals 
that which would result if furnace-hardened. 

Pearlitic cast irons and malleable irons offer a broad field for the flame- 
hardening process since the wearing properties of cast iron surfaces are 
greatly improved by this process. 

Applications and Methods . — Flame-hardening may be adapted to 
castings, forgings or rolled sections. Size is not a limiting factor and if 
the part is fabricated from material having the proper analysis and the 
sections requiring hardening are readily accessible, it can be flame* 
hardened. 
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Types of Steels Suitable for Flame-Hardening* 


S.A.E. 

Carbon 

Steels 

S.A.E. 

Manganese 

Steels 

S.A.E. 

Nickel 

Steels 

S.A.E. 

Nickel- 

Chromium 

Steels 

S.A.E. 

Chromium 

Steels 

S.A.E. 

Chromium- 

Vanadium 

Steels 

S.A.E. 

Molybdenum 

Steels 

1035 

TI330 

2330 

3140 

5140 

6135 

4130 

1040 

T1335 

2335 

X3140 

52100 

6140 

X4130 

X1040 

T1340 

2340 

3145 



4135 

1045 

T1345 

2345 

3230 



4140 

X1045 


2350 

3240 



4340 

1050 



3335 



4640 

X1050 



3340 




1055 



3435 




X1055 






1060 







1095 








Miscellaneous — Carbon Vanadium and Carbon Molybdenum Steels, 
Malleable Iron, Cast Iron, and Graphitic Steel. 


•As a guide to the type of steels, the S.A.E. steels are listed, but many other steels similar to 
these grades can also be flame-hardened. 


From a mechanical standpoint, there are four methods of flame' 
hardening. 

Stationary or Spot Hardening — This term is applied to operations 
in which the blowpipe and the work are stationary. 

Progressive Method — In this method the flame traverses the work 
at a uniform rate. It finds applications to parts such as gear teeth, (see 
Fig. 461) track rails or lathe bed ways. In some instances a number of 
small parts are lined up and the entire group treated by the progressive 
method. A variation of this method might have the part moving while 
the flame remained stationary. 

Spinning Method — To produce hardened bands on cylindrical sur- 
faces, the part may be turned rapidly in front of multiflame heads or tips. 
When the part has reached the proper temperature, the flames are 
extinguished and the part is dropped into a water bath or a spray quench 
is turned upon it. 

Progressive Spinning Method — In this case the flames traverse the 
work, followed by a spray quench, while the part is spinning. Usually 
more than one blowpipe or torch, depending upon the diameter of the 
object, is used. 

To harden irregular contours it is sometimes necessary to employ 
specially designed heating heads or tips, or to do the hardening in sections. 
In the latter case, as in any other, care must be taken to avoid drawing a 
previously hardened area, or to keep such effects to a minimum. 

Stress Relieving . — A low temperature heat treatment to relieve 
quenching stresses without materially reducing hardness should imme- 
diately follow flame-hardening. This may be accomplished in a heat- 
treating furnace or by means of an air of oil bath at temperatures from 
350 to 400 deg. F. 
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Costs . — Computation of cost and gas consumption depends upon 
setup time, case depth, method, rate of flame travel, size and number of 
flames and relation of the surface to mass of the object treated. Owing to 
these variables only an approximation of cost can be made. A fair esti- 
mating figure for gas consumption is that *4 cu < ft* °f ea °b gas will 
harden one sq. in. of surface to a depth of about ]/g in. Speed range is 
3 to 10 in. per min. 


TENTATIVE SPECIFICATIONS 
FOR 

IRON AND STEEL ARC WELDING ELECTRODES 

This is a Tentative Standard and under the Regulations of the Cooperating 
Societies is subject to annual revision . Suggestions for revision should be ad - 
dressed to the Headquarters of the A.S.T.M., 260 Broad Street, Philadelphia, 
Pa., or of the A.W.S., 33 W. 39th Street, J^ew Yor\, INf. T. 

These specifications were prepared jointly by the American Welding Society 
and the American Society for Testing Materials, 1 and adopted by the A.W.S. Feb . 
29, 1940. 


Scope 

1. (a) These specifications cover metal arc welding electrodes for the welding 
of carbon and low alloy steels, of welding quality. 

(b) The electrodes are classified on the basis of usability and the ultimate 
tensile strength of alhweld-metal specimens in the stress relieved condition, as 
shown in Table 1. 

Process 

2. The electrodes may be made by any process that will fulfill the require" 
ments of these specifications. 

Standard Sizes 

3. Standard sizes of electrodes are as shown in the table below. In all cases, 
standard size refers to the diameter of the core wire, which shall not vary more 
than .002" from standard. 

Diameter in Inches Standard Lengths in Inches 

A, .07? and A 9 or 12 and 18* 

A 12 

A 14 

A, A, A, J4 14 an fi 18 

A and y 8 18 

Chemical Composition 

4. The electrodes shall be capable of depositing metal conforming to the 
following requirement as to chemical composition: 

Sulphur, Max., per cent 0.04 

Chemical Analysis 

5. The sample for analysis shall be prepared as follows: A specimen of 
standard base metal (see Paragraph 13a) of sufficient size, shall be prepared, 
and a pad of five superimposed layers of weld metal deposited thereon. The 
fifth or top layer shall be ground or machined away and discarded. The sample 
for chemical analysis shall be obtained from the third and fourth layers. 
Permissible Variations in Dimensions 

6. (a) Covered electrodes for manual welding shall be bare or free from 
covering for a distance of about 1 inch, but not more than V /4 inch, for making 
contact with the holder. 


1 Under the standardization procedure of the two Societies, these spedfica" 
tions are under the jurisdiction of the A.S.T.M. Committee A-l on Steel, and of 
the A.W.S. Filler Metal Specifications Committee. 

♦In this case, center gripping is standard. In all other cases, end gripping 
is standard. 
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(b) The arc end shall be sufficiently bare to permit easy striking of the arc, 
but the length of the bare portion of the arc end, measured from the end to the 
point where the full cross-section of the coating obtains, shall not exceed one 
core-wire diameter. 

(c) Cut lengths shall not vary from that specified by more than j/g inch. 

(d) The covering (coating) on covered electrodes shall be concentric to the 
extent that for all sues of electrodes the maximum core-plus-on e-coating dimen- 
sion shall not exceed the minimum core-plus-one-coating dimension by more than 
3 per cent. The concentricity shall be measured as follows: 

The coating or covering shall be removed from one side of the electrode (care 
being taken to insure that no metal is removed from the core) at about the center 
of its length. The core-plus-one-coating dimension (which is the diameter of 
the core plus the thickness of the coating on one side) shall be measured with 
a micrometer. The coating shall be removed from the opposite side of the 
electrode at a point distant from the place where the coating was previously 
removed, and a similar measurement made. Two more pairs of measurements 
of the core-plus-one-coating dimension shall be made on planes at angles of 60° 
and 120° from the plane of the former measurements. The pair of measurements 
which shows the greatest percentage of variation shall determine the accepta* 
bility of the electrode. 

Covered Electrode Requirements ' ~ 1 

7. (a) The coverings shall, when cool, have sufficient electrical resistance to 
effectively insulate against a potential difference of 100 volts. 

(b) The slag produced shall be readily removable. 

Workmanship 

8. (a) Lightly coated electrodes and the core of covered electrodes shall 
be of uniform quality and free from injurious segregation, oxides, pipe, seams, 
or other irregularities. 

(b) On covered electrodes, the coverings shall be such that they are not 
readily damaged by ordinary handling and shall be of commercially uniform 
thickness and shall present a workmanlike appearance. Coverings shall be free 
from injurious scabs, blisters, abnormal pockmarks, bruises or other surface 
defects. 

Finish 

9. The surface of bare electrodes and the core of covered electrodes shall be 
smooth and free from harmful scale, oil or grease. 

Packing 

10. Electrodes shall be suitably packed, wrapped, boxed or crated to insure 
against injury during shipment or storage, as follows: 

(a) Bundles of 50 lbs. net weight. 

(b) Boxes of 25 or 50 lbs. net weight, and 

(c) Coils or reels of approximately 150 or 200 lbs. net weight. 

Marking 

11. All bundles, boxes, coils or reels shall be legibly marked and bear the 
following information: 

(a) Classification. 

(b) Manufacturer's name and trade designation. 

(c) Guarantee. 

Guarantee 

12. The manufacturer shall make tests at frequent intervals in accordance 
with the method prescribed in these specifications, and shall guarantee that the 
electrodes in all sizes and classes meet the requirements of these specifications and 
each container shall be so marked. 

Guarantee Tests 

13. For guarantee purposes, tests shall be made as prescribed below; — 
(a) The steels to be used for test plates shall be either of the following 

grades: 

(1) Standard Specifications for Carbon-Steel Plates for Stationary Boilers 
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TABLE I 


Tensile Requirements for %2> %e> an( ^ V&2 In- Deposited 

Metal (b) 


Electrode 

Classi- 

fication 

No. 

Capable of pro- 
ducing satisfac- 
tory welds in 
position shown 

CO 

General Description 


jWSyM 

'eld 

>(b) 

% El- 

in 2' 

E7010 

V, F, OH, H 

Heavy covering, useful 
with D.C. electrode 
positive only. 

SR 

NSR 

70,000 

75,000 

22 

17 

E70U 

F, V, OH, H 

Heavy covering, useful 
with D.C. cither polari- 
ty, or with A.C. 

SR 

NSR 

70.000 

75,000 

22 

17 

E7020 

H-Fillets, F 

Heavy covering usually 
used with electrode 
negative, or A.C. for 
fillets, or electrode 
positive or A.C. for 
flat welding. 

SR 

NSR 

70.000 

75.000 

25 

20 

E7030 

F 

Heavy covering usually^ 
used with electrode posi- 
tive D.C., or with A.C. 

SR 

NSR 

70,000 

75,000 

25 

20 

E6010 

F, V, OH, H 

Heavy covering useful 
with D.C. electrode 
positive only. 

SR 

NSR 

60,000 

65,000 

27 

22 

E6011 

F, V, OH, H 

Heavy covering, useful 
D.C. either polarity, or 
with A.C. 

SR 

NSR 

60,000 

65,000 

27 

22 

E6012 

F, V, OH, H 

Heavy covering usually 
used with electrode nega- 
tive D.C., or on A.C. 

SR 

NSR 

60,000 

65,000 

22 

17 

E6013 

F, V, OH, H 

Heavy covering usually 
used on A.C. 

SR 

NSR ' 

60,000 

65,000 

22 

17 

E6020 

H-Fillets, F 

Heavy covering usually 
used with electrode neg- 
ative or A.C. for fillets 
and electrode positive or 
A.C. for flat welding. 

SR 

NSR 

60,000 

65,000 

30 

25 

E6030 

F 

Heavy covering usually, 
used with electrode posi- 
tive on D.C., or with A.C. 

a 

60,000 

65,000 

30 

25 

E4510 

F, V, OH, H 




5 

E45H 

F, V, OH, H 

Wire with light coating 
applied after drawing. 

NSR 

45,000 

5 

E4520 

H-FiIIcts, F 

Wire with coating ap- 
plied before drawing. 

NSR 

45,000 

5 

E4521 

H-Fillets, F 

Wire with light coating 
applied after drawing. 

NSR 

45,000 

5 
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NOTES FOR TABLE I 

The notations SR and NSR mean stress-relieved and non stress-relieved. 

(a) Stress-relieving where called for in these specifications is for the purpose of developing the 
fundamental properties of the weld metal unaltered by locked-up stress. Values obtained from 
•tress-relieved welded specimens are about 5 per cent lower in tensile strength and 10 to 20 per 
cent higher in ductility than those of non- stress-relieved specimens. The met that an electrode 
test requires stress-relief signifies only that it must develop the strength required regardless of 
stress-relief, and not that stress-relief must always be used in actual work. Stress-relieving shall 
be within the range of 1150°F. ± 25® for at least one hour per 1 in. of thickness. Specimen shall 
be heated at the rate of 300* — 350®F. per hour; shall be cooled at the same rate to 300°F. No 
specimen shall be heated for less than 1 hour. 

(b) The tensile strength of the deposited metal from Vs in. electrodes shall be that prescribed 
in Table I increased by 5% and that from Va in, and larger electrodes shall be the tensile strength 
prescribed in Table I decreased by 5% 

The ductility of the deposited metal from Vi in. electrodes shall be that prescribed in Table I 
decreased by 10%, and that from Va in. and larger electrodes shall be the ductility prescribed in 
Table I increased by 10%. 

(c) The symbols F, V, OH, H and H-fillets indicate welding positions and shall mean as 
follows: 


F — Flat 
V — Vertical 
H — Horizontal 
OH — Overhead 
H-Fillets — Horizontal Fillets 


and Other Pressure Vessels, of the American Society for Testing Materials 
(A.S.T.M. Designation A70-36, or current revision thereof). 

(2) Standard Specifications for Steel for Bridges, of the American Society 
for Testing Materials (A.S.T.M. Designation A7-36, or current revision thereof). 

(b) For electrodes smaller than J4-in., the all-weld-metal tensile test is not 
practical and the strength of these sizes shall be judged by the strength of J4-in. 
or larger electrodes. 

(c) For J4'in. and larger electrodes, a test plate shall be prepared as shown 
in Fig. 462. The plate shall be insulated by J/^-in. of asbestos during welding. 
After joint has been tacked, assembly shall be heated in boiling water for five 
minutes prior to welding. After depositing each pass, the plate shall be left on 
asbestos to cool in still air for the length of time prescribed in Fig. 462. Then, 
immediately, the plate shall be immersed in boiling water for five minutes and 
the work proceeded with. After the last pass, the plate shall be left on asbestos 
until cold. The work shall be done at room temperature of 65°F. minimum and 
in the flat position. Weaving shall he width of groove up to four times diameter 
of the core-wire, when the layer shall be divided into two passes overlapping. 

Test plates shall be so supported that warping due to welding shall not 
throw the finished test plate out of line by an angle of over 5 deg. If plates 
are warped, they shall be straightened cold before being stress-relieved where 
required. 

(d) Two all-weld-metal tensile specimens shall be machined from the 
finished test plate as shown in Fig. 462, and shall, when tested, meet the re- 
quirements for tensile strength and percentage elongation as stated in Table I. 

(e) If one of the specimens fractures outside the middle third or if either 
specimen fails to pass, another plate shall be welded and both specimens shall 
pass. 

(f) Electrodes in each classification shall be capable of producing satis- 
factory welds which will meet the all-weld-metal tensile test requirements as 
stated in Table I, for the type or types of current and the welding position or 
positions listed in the same table. Welding positions shall be determined from 
Fig. 25. 

(g) For each classification and size of electrode, specimens of welding shall 
be prepared with the type of current and the welding positions listed in Table I, 
ana the height of the reinforcement on butt welds, and the size and concavity 
or convexity of fillet welds shall be measured with a gauge similar to that 
shown in Fig. 463, in the manner described in Figs. 464-467, and the results 
recorded. The result shall be furnished by the manufacturer or vendor to the 
purchaser upon request. 
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NOTES 1. All parts of this gauge shall be made of corrosiorwesistant steel. 

2. Pointer shall be a “push fit’' in gauge plate and shall operate smoothly. 

3. All lettering and graduations on gauge shall be made by engraving. 

Publisher’* Note: At time of going to press, this gauge has not been formally approved. Changes 
or improvements may be made in its design. 
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BUTT AND FILLET WELD GAUGE 
INSTRUCTIONS FOR USE 

To determine the size of a convex fillet weld, place gauge against the toe 
of shortest leg of the fillet and slide pointer out until it touches structure. Read 
leg length or “size of convex fillet” on face of gauge. See Fig. 464. 



To determine the size of a concave fillet weld, place gauge against structure 
and slide pointer out until it touches the face of fillet weld. Read throat dimen' 
sion, or “size of concave fillet,” on face of gauge. See Fig. 465. 

After the size of a convex fillet weld has been determined place gauge against 
structure and slide pointer out until it touches face of fillet weld. The maximum 
convexity should not be greater than indicated by “maximum convexity” for 
the size of fillet being checked. See Fig. 466. 




MAXIMUM CONVEXITY BUTT WELD REINFORCEMENT 

Fig. 466. Fig. 467. 


To determine reinforcement of groove welds, place gauge so that reinforce' 
ment will come between legs of gauge and slide pointer out until it touches the 
face of the weld. The amount of reinforcement shall be that permitted on the 
face of the gauge. -See Fig. 467. 
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S. A. E. STEEL NUMBERING SYSTEM 

A numeral index system is used to identify the compositions of the 
S. A. E. steels, which makes it possible to use numerals on shop drawings 
and blueprints that are partially descriptive of the composition of material 
covered by such numbers. The first digit indicates the type to which the 
steel belongs; thus ‘1-' indicates a carbon steel; fc 2-’ a nickel steel and 
fc 3-’ a nickel chromium steel. In the case of the simple alloy steels the 
second digit generally indicates the approximate percentage of the pre- 
dominant alloying element. Usually the last two or three digits indicate 
the average carbon content in points’, or hundredths of 1 per cent. Thus 
k 2340’ indicates a nickel steel of approximately 3 per cent nickel (3.25 to 
3.75) and 0.40 per cent carbon (0.35 to 0.45); and fc 71360’ indicates a 
tungsten steel of about 13 per cent tungsten (12 to 15) and 0.60 per cent 
carbon (0.50 to 0.70). 

In some instances, in order to avoid confusion it has been found 
necessary to depart from this system of identifying the approximate alloy 
composition of a steel by varying the second and third digits of the 
number. An instance of such departure is the steel numbers selected for 
several of the corrosion and heat resisting alloys. 

The basic numerals for the various types of S. A. E. steel are 


Type of Steel Numerals ( and Digits ) 

Carbon Steels lxxx 

Plain Carbon lOxx 

Free Cutting, (Screw Stock) llxx 

Free Cutting, Manganese Xl3xx 

High Manganese Tl3xx 

Nickel Steels 2xxx 

0.50 Per Cent Nickel 20xx 

1.50 Per Cent Nickel 21xx 

3.50 Per Cent Nickel 23xx 

5.00 Per Cent Nickel 25xx 

Nickel Chromium Steels 3xxx 

1.25 Per Cent Nickel, 0.60 Per Cent Chromium 31xx 

1.75 Per Cent Nickel, 1.00 Per Cent Chromium 32xx 

3.50 Per Cent Nickel, 1.50 Per Cent Chromium 33xx 

3.00 Per Cent Nickel, 0.80 Per Cent Chromium 34xx 

Corrosion and Heat Resisting Steels 30xxx 

Molybdenum Steels 4xxx 

Chromium 41xx 

Chromium Nickel 43xx 

Nickel 46xx and 48xx 

Chromium Steels 5xxx 

Low Chromium 51xx 

Medium Chromium 52xxx 

Corrosion and Heat Resisting 5 lxxx 

Chromium Vanadium Steels 6xxx 

Tungsten Steels . — lxxx and 7xxxx 

Silicon Manganese Steels 9xxx 


Prefixes 

The prefix ‘X* is used in several instances to denote variations in the range 
of manganese, sulphur or chromium. 

The prefix *T* is used with the Manganese Steels (1300 Series) to avcfid con- 
fusion with steels of somewhat different manganese range that have been identified 
by the same numerals but without the prefix. 
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CHEMICAL COMPOSITIONS 

Carbon Steels 


S. A. E. 

No. 

Carbon 

Range 

Manganese 

Range 

Phosphorus 

Max. 

Sulfur 

Max. 

1010 

0.05-0.15 

0.30-0.60 

0.045 

0.055 

1015 

0.10-0.20 

0.30-0.60 

0.045 

0.055 

X1015 

0.10-0.20 

0.70-1.00 

0.045 

0.055 

1020 

0.15-0.25 

0.30-0.60 

0.045 

0.055 

X1020 

0.15-0.25 

0.70-1.00 

0.045 

0.055 

1025 

0.20-0.30 

0.30-0.60 

0.045 

0.035 

X1025 

0.20-0.30 

0.70-1.00 

0.045 

0.055 

1030 

0.25-0.35 

0.60-0.90 

0.045 

0.055 

1035 

0.30-0.40 

0.60-0.90 

0 045 

0.055 

1040 

0.35-0.45 

0.60-0.90 

0.045 

0.055 

X1040 

0.35-0.45 

0.40-0.70 

0.045 

0.055 

1045 

0.40-0.50 

0.60-0.90 

0.045 

0.055 

X1045 

0.40-0 50 

0.40-0.70 

0.045 

0.055 

1050 

0.45-0.55 

0.60-0.90 

0.045 

0.055 

X1050 

0.45-0.55 

0.40-0.70 

0.045 

0.055 

1055 

0.50-0.60 

0.60-0.90 

0.040 

0.055 

X1055 

0.50-0.60 

0.90-1.20 

0.040 

0.055 

1060 

0.55-0.70 

0.60-0.90 

0.040 

0.055 

1065 

0.60-0.75 

0.60-0.90 

0.040 

0.055 

X1065 

0.60-0.75 

0.90-1.20 

0.040 

0.055 

1070 

0.65-0.80 

0.60-0.90 

0.040 

0.055 

1075 

0.70-0.85 

0.60-0.90 

0.040 

0.055 

1080 

0.75-0.90 

0.60-0.90 

0.040 

0.055 

1085 

0.80-0.95 

0.60-0.90 

0.040 

0.055 

1090 

0.85-1.00 

0.60-0.90 

0.040 

0.055 

1095 

— s t rassssssssss 

0.90-1.05 

0.25-0.50 

0.040 

0.055 


Free Cutting Steels 


S. A. E. 

No. 

Carbon 

Range 

Manganese 

Range 

Phosphorus 

Range 

Sulfur 

Range 

1112 

0,08-0.16 

0.60-0.90 

0.09-0.13 

0,10- 0.20 

xui 2 

0.08-0.16 

0.60-0.90 

0.09-0.13 

0.20- 0.30 

1115 

0.10-0.20 

0.70-1.00 

0.045 max. 

0.075-0.15 

1120 

0.15-0.25 

0.60-0.90 

0.045 max. 

0.075-0.15 

X 1314 

0.10-0.20 

1.00-1.30 

0.045 max. 

0.075-0.15 

X 1315 

0.10-0.20 

1.30-1.60 

0,045 max. 

0.075-0.15 

X 1330 

0.25-0.35 

1.35-1.65 

0.045 max. 

0.075-0.15 

X 1335 

0.30-0.40 

1.35-1.65 

0.045 max* 

0.075-0.15 

X1340 

0.35-0.45 

1.35-K65 

0.045 max* 

0.075-0.15 
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Nickel Steels 1 


S.A.E. 

No. 

Carbon 

Range 

Manganese 

Range 

Phosphorus, 

Max. 

Sulfur, 

Max. 

Nickel 

Range 

2015 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

0.40-0.60 

2115 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

1.25-1.75 

2315 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

3.25-3.75 

2320 

0.15-0.25 

0.30-0.60 

0.040 

0.050 

3.25-3.75 

2330 

0.25-0.35 

0.50-0.80 

0.040 

0.050 

3.25-3-75 

2335 

0.30-0.40 

0.50-0.80 

0.040 

0.050 

3.25-3.75 

2340 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

3.25-3.75 

2345 

0.40-0.50 

0.60-0.90 

0.040 

0.050 

3.25-3.75 

2350 

0.45-0.55 

0.60-0.90 

0.040 

0.050 

3.25-3.75 

2515 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

4.75-5.25 


Nickel Chromium Steels 1 


S.A.E. 

Carbon 

Manga- 

Phos- 

Sulfur, 

Nickel 

Chromium 

No. 

Range 

nese 

Range 

phorus, 

Max. 

Max. 

Range 

Range 

3115 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

1.00-1.50 

0 45-0.75 

3120 

0.15-0.25 

0.30-0.60 

0.040 

0.050 

1.00-1.50 

0,45-0.75 

3125 

0.20-0.30 

0.50-0.80 

0.040 

0.050 

1.00-1.50 

0.45-0.75 

3130 

0.25-0.35 

0.50-0.80 

0.040 

0.050 

1.00-1.50 

0.45-0.75 

3135 

0.30-0.40 

0.50-0.80 

0.040 

0.050 

1.00-1.50 

0.45-0.75 

3140 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

1.00-1.50 ! 

0.45-0 75 

X3140 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

1.00-1.50 

0.60-0.90 

3145 

0.40-0.50 

0,60-0.90 

0.040 

0.050 

1.00-1.50 1 

0.45-0.75 

3150 

0.45-0.55 

0.60-0.90 

C.040 

0.050 

1.00-1.50 

0.45-0.75 

3215 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

1.50-2.00 

0.90-1.25 

3220 

0.15-0.25 

0.30-0.60 

0.040 

0.050 

1.50-2 00 

0.90-1.25 

3230 

0.25-0.35 

0.30-0.60 

0.040 

0.050 

1.50-2.00 

0.90-1.25 

3240 

0.35-0.45 

0.30-0.60 

0.040 

0.050 

1.50-2.00 

0.90-1.25 

3245 

0.40-0.50 

0.30-0.60 

0*040 

0.050 

1.50-2.00 

0.90-1.25 

3250 

0.45-0.55 

0.30-0.60 

0.040 

0.050 

l 

1.50-2.00 

0.90-1.25 

3312 

max. 0.17 

0.30-0.60 

0.040 

0.050 

3.25-3.75 

1.25-1.75 

3325 

0.20-0.30 

0.3(H). 60 

0.040 

0.050 

3.25-3.75 

1.25-1.75 

3335 

0.30-0.40 

0.30-0.60 

0.040 

0.050 

3.25-3.75 

1.25-1.75 

3340 

0.35-0.45 

0.30-0.60 

0.040 

0 050 

3.25-3.75 

1,25-1.75 

3415 

0.10-0.20 

0.30-0.60 

0.040 

0.050 

2.75-3.25 

0.60-0.95 

3435 

0.30-0.40 

0.30-0.60 

0.040 

0.050 

2.75-3.25 

0.6(H). 95 

3450 

0.45-0.55 

0.30-0.60 

0.040 

0.050 

2.75-3.25 

0.60-0.95 


1 Silicon range of all S.A.E. basic open hearth alloy steels shall be 0.15 — 0.30. 
For electric and acid open hearth alloy steels, the silicon content shall be 0.15 
minimum. 
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Manganese Steels 2 


S. A. E. 

No. 

Carbon 

Range 

Manganese 

Range 

Phosphorus, 

Max. 

Sulfur, 

Max. 


0.25-0.35 

1.60-1.90 


0.050 


0.30-0.40 

1.60-1.90 

0.040 

0.050 

T1340 

0.35-0.45 

1.60-1.90 

0.040 

0.050 

— 

0.40-0.50 

1.60-1.90 

0.040 

0.050 


0.45-0.55 

1.60-1.90 

0.040 

0.050 


Molybdenum Steels 2 


S.A.E. 

No. 

Carbon 

Range 

Manga- 

nese 

Range 

Phos- 

phorus, 

Max. 

Sulfur, 

Max. 

Chro- 

mium 

Range 

Nickel 

Range 

Molyb- 

denum 

Range 

4130 

0.25-0.35 

0.50-0.80 

0.040 

0.050 

0.50-0.80 


0.15-0.25 

X4130 

0.25-0.35 

0.40-0.60 

0.040 

0.050 

0.80-1.10 


0.15-0.25 

4135 

0.30-0.40 

0.60-0.90 

0.040 

0.050 

0*80-1.10 

„ # , 

0.15-0.25 

4140 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

0.80-1.10 



0.15-0.25 

4150 

0.45-0.55 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

— 

0.15-0.25 

4340 

0.35-0.45 

0.50-0.80 

0.040 

0.050 

0.50-0.80 

1 50-2.00 

0.30-0.40 

4345 

0.40-0.50 

0.50-0.80 

0.040 

0.050 

0.60-0.90 

1.50-2.00 

0.15-0.25 

4615 

0.10-0.20 

0.40-0.70 

0.040 

0.050 


1.65-2.00 

0.20-0.30 

4620 

0.15-0.25 

[ 0.40-0.70 

0.040 

0.050 

. , . . . 

1.65-2.00 

0.20-0.30 

4640 

0.35-0.45 

0.50-0.80 

0.040 

0.050 

— 

1.65-2.00 

0.20-0.30 

4815 

0.10-0.20 

0.40-0.60 

0.040 

0.050 


3.25-3-75 

0.20-0.30 

4820 

0.15-0 25 

0.40-0,60 

0.040 

0.050 

— 

3.25-3.75 

0.20-0.30 


Chromium Vanaduim Steels 2 


S.A.E. 

No. 

Carbon 

Range 

Manga- 

nese 

Range 

Phos- 

phorus, 

Max. 

Sulfur, 

Max. 

Chromium 

Range 

Vanadium 

Min. 

De- 

sired 

6115 

0 . 10 - 0.20 

0.30-0.60 


0.050 

0.80-1.10 

0.15 

0.18 

6120 

0.15-0.25 

0. 30-0.60 

0.040 

0.050 

0.80-1.10 

0.13 

0.18 

6125 

0.20-0.30 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

0.15 

0.18 

6130 j 

0.25-0.35 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

0.15 

0.18 

6135 : 

0.30-0.40 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

0.15 

0.18 

6140 

0.35-0.45 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

0.15 

0.18 

6145 

0.40-0.50 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

0.15 

0.18 

6150 

0,45-0.55 

0.60-0.90 

0.040 

0.050 

0.80-1.10 

0.15 

0.18 

6195 

0.90-1.05 

0.20-0.45 

0.030 

0.035 

0.80-1.10 

0.15 

0s 18 


9 Silicon range of all S. A. E. basic open hearth alloy steels shall be 0.15—0.30. 
For electric and acid open hearth alloy steels, the silicon content shall be 0.15 
minimum. 
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Chromium Steels 3 


S. A. E. 
No. 

Carbon 

Range 

Manganese 

Range 

Phosphorus, 

Max. 

Sulfur, i 
Max* 

Chromium 

Range 

5120 

0.15-0.25 

0.30-0.60 

0.040 

■n 

0.60-0.90 

5140 

0.35-0-45 

0.60-0.90 

0.040 


0.80-1.10 

5150 

0.45-0.55 

0.60-0.90 

0.040 

WmM 

0.80-1.10 

52100 

0.95-1-10 

0.20-0.50 

0.030 

III 

1.20-1.50 


Tungsten Steels 3 


S.A.E. 

No. 

Carbon 

Range 

Man- 

ganese, 

Max. 

Phos- 

phorus, 

Max. 

Sulfur, 

Max. 

Chromium 

Range 

Tungsten 

Range 

71360 

0.50-0.70 

0.30 

0.035 

0.040 

3.00-4.00 

12.00-15-00 

71660 

0.50-0.70 


0.035 

0.040 

3.00-4.00 

15.00-18.00 

7260 

0.50-0.70 

0.30 

0.035 

0.040 

0.50-1.00 

1.50- 2.00 


Silicon Manganese Steels 


S. A* E. 

Carbon 

Manganese 

Phosphorus, 

Sulfur, 

Silicon 

No. 

Range 

Range 

Max. 

Max. 

Range 

9255 

0.50-0.60 

0.60-0.90 

0.040 

0.050 

1.80-2.20 

9200 

0.55-0.65 

0.60-0.90 

0.040 

0.050 

1*80-2.20 


Corrosion and Heat Resisting Alloys 


S. A. E. 
No. 

Carbon, 

Max. 

Manga- 

nese, 

Max. 

Sili- 

con, 

Max. 

Phos- 

phorus, 

Max. 

sa 

Chromium 

Range 

Nickel 

Asoge 

30905 

0.08 

0.20-0.70 

0.75 

0.030 

0.030 

17,00-20.00 

8.00-10.00 

30915 

0.09-0.20 

0.20-0.70 

0.75 

0.030 

0,030 

17.00-20.00 


51210 

0.12 

0.60 

0.50 

0.030 

0.030 

11.50-13.00 


X51410 

0.12 

0.60 

0.50 

0.030 

0.15-0.50 

13.00-15.00 


51335 

0.25-0.40 

0.60 

0.50 

0.030 

0.030 

12.00-14.00 


51510 

0,12 

0.60 

0.50 

0.030 

0.030 

14.00-16.00 


51710 

0,12 

0-60 

0.50 

0.030 

0.030 

16.00-18.00 

— 


* Silicon range of all S. A. E. basic open bearth alloy steels shall be 0.15—0.30. 
For electric and acid open hearth alloy steels, the silicon content shall be 0.15 
minimum. 
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| AN OFFER 

I BY THE LINCOLN ELECTRIC COMPANY— PUB- 
I LISHERS OF THIS BOOK — THAT GUARANTEES j 

| SAVINGS TO ANY FABRICATOR OR MANUFAC- j 

| TURER OF MACHINERY j 

S If, by the use of arc welding, a properly designated man | 
| in your business cannot make savings greater than his salary, | 

1 The Lincoln Electric Company, publishers of this book, will j 

| make up to you in cash the difference between such savings | 

1 as are actually effected and the salary of the man designated | 

1 to do the development work. The following terms and con- § 

| ditions to govern this offer: | 

| 1. You to advise The Lincoln Electric Company of your desire j 

j to accept this offer. | 

1 2. You to employ or designate in your own organization a j 

| man whom both you and The Lincoln Electric Company agree | 

| upon as qualified to carry on development work by arc welding, j 

J 3. This man so designated to devote his entire time to this | 

| development work. | 

| 4. You to give authority to the man so designated to proceed j 

| with the design, development and manufacture or fabrication J 

1 by means of arc welding, of products or parts of products | 

| manufactured by you. | 

| J. The man so designated, and his work, to be accessible at § 
| all times to Lincoln development engineers for consultation | 

| and suggestions. | 

| 6 . Your regular cost accounting system, or variation thereof J 

| as agreed upon between us, to be applied to his work over a j 

| period of two years. If at the end of such period your records § 

| do not show savings over former methods greater than the | 

| salary of the man so designated above. The Lincoln Electric 1 

| Company will pay to you in cash the difference between such J 

| savings as are actually effected and the salary of the man, this 1 

| amount under any conditions not to exceed the salary of the I 

I man. | 
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WELDED STEEL CONSTRUCTION — 
MACHINE DESIGN 
INTRODUCTION 
Executive Policy 

The success of a manufacturer with welded design is influenced 
to a large extent by executive policy. 

The president of one company, a large manufacturer of welded 
machinery, makes this statement: “To those organisations which have 
made a half-hearted attempt at welded construction, or to those con' 
sidering its use, we suggest that welding development and fabrication 
be put under the supervision of an executive with authority to act 
on his own responsibility.” 

Appoint a Welding Supervisor 

If the executive cannot devote time to this sort of thing, it is 
desirable that he appoint some man to push welded design and to report 
to the executive on all matters relating to the changeover program. 

This plan calls for a man with these qualifications: (1) He has 
a deep-seated faith in the ability of arc welding to cut costs and improve 
product quality. (2) He has the seal and initiative necessary for leader- 
ship against the forces of Tradition. (3) He has practical knowledge 
and experience in welded design and production. 

Based on the experiences of scores of manufacturers, this plan has 
proved highly successful. 

The Designing Approach 
Change One Part at a Time 

Experience has shown that the most effective and economical ap- 
proach to redesign for arc welding is to change over one part at a time. 
This gradual transition is simple and inexpensive. Then, after one 
part has been designed, think about another — say the part to which 
the first one is attached. Here, the designer may also be able to take 
advantage of the simplicity of welding as a means of attachment. Then 
proceed in like manner, one part at a time until the entire product 
is as fully welded as possible. 

Meet the Functional Requirements 

In designing for welded steel construction, do not try to duplicate 
the former design of conventional construction. This procedure would 
be wasteful and the result generally would be far from attractive. 

Approach the problem naively, open-mindedly; forget about the 
former construction and simply design to meet the functional require- 
ments of the part. Use steel plate, bars, angles, channels and other 
standard shapes, pressed steel parts or steel castings as required to 

379 
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meet the actual stress and service requirements. And in doing so, take 
advantage of the fact that steel is three to six times as strong and 
two and one-half times as rigid as the same section of ordinary cast iron. 

Proper Design Assures Proper Appearance 

The sloping sides and rounded comers of the cast machine parts, 
to which we have been accustomed, are not the result of designing 
for beauty’s sake. These slopes and curves are the result of a casting 
necessity — to permit withdrawal of the pattern from the sand. 

Obviously, since these rounded effects are not required for a welded 
design, and since its material can be placed accurately where required 
to resist stresses, the proportions and appearance of the welded design 
are going to be quite different than for the castings they replace. In 
many cases the difference will be as apparent as the contrast between 
1920 model and 1940 model automobiles. 

There is a strong and growing preference for industrial designs of 
the type made possible by welding. This public opinion is probably 
the result of the fact that streamlined trains, steel household equip' 
ment, all steel auto bodies and many other modem products and struc- 
tures are recognized for qualities such as speed, safety, utility and 
economy, far surpassing the traditional designs they replace. The average 
buyer of machinery and equipment has the same viewpoint. Give him 
a sensible looking design that will outperform the former design and he 
will consider it beautiful. 

Consider appearance at the start from a general standpoint — only 
as it affects the selection of the type of steel members to be employed 
— such as formed plate or structural shapes. Analyze the functions 
and service problems and lay stress on making an accurate design. 
As a final step, minor refinements can be made if necessary, to provide 
a most pleasing appearance. 

Design for Production Economy 

Another suggestion is to take full advantage of the engineering 
freedom made possible by welding. The designer should remember 
that various combinations of metals and alloys can be used in a design 
to gain utmost economy and serviceability. Moreover, many shapes 
and sizes of material can be used. 

Minimize the amount of welding required by specifying bent plate 
and pressed steel parts where possible. 

Design to facilitate welding by providing easy access to joints. 

Bear in mind that deposited metal of die shielded arc process is 
actually superior to the parent metal and that for maximum economy, 
over-welding should be avoided. 

Production Practices 


Use Modem Equipment 

Adequate production facilities are essential to a program of welded 
design. Do not skimp in this regard. Invest in modem dependable 
equipment. The resultant savings more than justify the investment 
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cost. This applies not only to welding equipment but to bending and 
forming equipment, work positioners, shears, cutting equipment and 
other related machinery of the modem weldery. 

Use Efficient Methods 

Bear in mind the basic principles of sound welding practice. Bend 
and form where feasible and more economical to eliminate the need 
for welded joints. Use set-up jigs to minimise welding interruptions 
and cut labor costs. Use work positioners and large size electrodes 
to get maximum deposit rates for lowest cost and quality results. These 
and other procedure pointers are discussed fully in this chapter and 
in Chapter III. 

* * * * * 

Design for welding approached along these proven lines assures better 
products at lower cost. 

For additional information on Machine Design. — 29 Chapters . . . 
382 pages ... 190 illustrations of practical case studies in welded 
machine design are contained in the book, “Arc Welding in Design, 
Manufacture and Construction,” published by The James F. Lincoln 
Arc Welding Foundation. 

DESIGNING FOR WELDED STEEL CONSTRUCTION 

The design of machinery involves two major considerations. First 
— load conditions or service life which must be met in an adequate 
manner. Second — the cost must be low. This cost usually is a reduced 
cost for the same service life or performance, or it may be a superior 
service life at the original cost. Cost enters into every item and will 
be discussed with each one, the various items being the constituent 
parts of the machine. 

The designer must keep in mind at all times that the machine he is 
laying out is to be sold, and is to be used profitably by his customer. 
The ability to visualize the machine from the drafting board of the 
designer, through his shop and on to the purchaser and its final use, 
is of extreme value and importance in the working out of a design. 

As every design may be considered as consisting of the functional 
specifications or service requirements and the limiting dimensions, or 
requirements (weight is considered a dimension), the major problem 
may be divided into separate problems for each unit of the machine — 
and each of these units may be further divided into elementary or 
component parts, each of which may be viewed as a separate problem. 
And since it is from the build-up or assembly of these elementary or 
basic parts that a machine is produced, these basic parts are of prime 
importance. 

The first basic unit is the selection of the most suitable, practical 
and economical material because the entire design usually is governed 
by the material selected. Consideration, therefore, must be given 
to materials and the influence of each on performance, service life 
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and cost — the latter involving size, shape, weight, production methods 
and operating costs. 

Two materials are considered in this section — cast iron and welded 
rolled steel. This discussion refers to mild steel ( not alloyed ) and ordi- 
nary cast iron ( not alloyed ). Formerly, cast iron was used generally for 
making parts. Some designers have become so accustomed to its limita- 
tions that they expect such limitations in other materials and design 
accordingly. It is therefore essential to discuss fully in comparative 
form the design limitations of cast iron and rolled structural steel 
shapes in order to present realistically the proper values of these 
materials as machinery design media. (See Page 400.) 

In general, mild rolled steel as compared to ordinary cast iron is — 

300% to 600% Stronger in Tensile Working Strength — The two 
equal-sized bars shown in the testing machine were pulled to failure. 
The cast iron bar in Fig. 470 broke at 16,420 lbs. per sq. in. The 
mild steel bar in Fig. 471 withstood a loading up to 61,800 lbs. per sq. in. 



Fig. 470. Cast iron — 16,420 lbs. per sq. in. Fig. 471. Steel — 61,800 lbs. per sq. in. 


Approximately 250% Stiffen — Two bars of equal size, one steel 
and one cast iron, are fixed at one end. Equal weight is then placed 
on each bar at the unsupported ends. (See Fig. 472.) The cast iron 
bar is deflected 2Yz times as much as the steel bar. 



Fig. 472. Steel bar deflected 40% as much as cast iron bar. 

Up to high unit stresses, steel returns to its original shape upon 
removal of the load. Cast iron takes a permanent set at very low 
unit stresses. Above a few thousand pounds per square inch the part 
is permanently deformed. 
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Approximately 300% More Resistant to Fatigue. — Steel lias a 
fatigue resistance of 28,000 to 32,000 lbs. per sq. in. (Rotating beam 
test.) Cast iron subjected to the same unit stresses breaks in a very 
short time. 



rig. 473. Fig. 474. 


Much More Resistant to Shock and Impact. — One blow of the 
9-pound sledge shattered the cast iron part. Twenty blows of the 
sledge merely bent the duplicate part which is built of steel, (See 
Fig. 474.) 

Steel is Ductile. — A characteristic of great value. A brittle material 
is not desirable. 

Steel is Uniform, Dependable. — Every ounce of rolled steel has 
definite physical qualities. Its homogeneous structure makes possible 
more economical and more dependable designs. 

Steel is Approxiatemly 50% Lower in Cost than cast iron. 

Steel Fulfills Practically All Design Requirements. 

Advantages of Welded Fabrication 

The mechanical or physical characteristics of these materials should 
be considered hand in hand with the methods of fabrication. 

Welded fabrication has certain very definite advantages. 

Design Costs are Lower. — The use of standard steel shapes and 
standard weld symbols makes designing for welded steel speedy and 
simple. Considerable detailing is required for cast construction. 

No Patterns are Required. — Cost of pattern drawings, pattern 
making, pattern storage and pattern repairing are eliminated. Since 
there are no pattern charges, improvements can be applied to existing 
design immediately. Welded designs are fabricated directly from rolled 
shapes and formed plate. 
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Fig. 475. Component port* and finished assembly for a rocker beam used on an 
earth-moving buggy. This illustrates the engineering freedom of welded design per- 
milling the use of a wide variety of steel shapes for maximum manufacturing and 
service economy. 


Fig. 476. This application illustrates how steel of various chemical and physical 
properties can be combined by welding fox greatest manufacturing and service economy* 
Lefts Component parts for a spur gear blank. Hub and oil ring in foreground, subjected 
to abrasion In service, are made from medium carbon steel. For maximum strength# 
the web is made from high tensile steel. To facilitate cutting of teeth the rim is made 
from mild steel and later case hardened. Right: Rough gear blank is shown at the 
lower left and next to it the machined blank. On top is the completed gear. 

Material Costs are Lower. — Using a stronger, stiff er, more uniform 
material, fewer pounds are required. Since rolled steel costs Y to Yz 
as much per pound as a casting, the cost of material is cut as much 
as 2 /l by using welded steel fabrication. 

Steel may be placed as required — to meet functional requirements 
exactly. The design is not restricted by foundry requirements. 


CASTING 


TUBING 


STAMPING 


CASTING 


PLATE 


FINISHED ASSEMBLY 
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Fig. 477. Bate oi a cold rolled forming machine showing two methods of approach. 
Left: A welded steel design which simulates the former cast iron construction. Sides 
and bottom are of one piece, brake-formed with cast steel inserts welded into the cor- 
ners. Stiffeners are welded into the flange at intervals. Bight: The welded steel con- 
struction shown performs the same function yet its stream lined design, employing 
shear-cut and Same-cut plate costs materially less than the design which is made to 
look like cast construction. 

Labor Costs are Lower. — Roundabout casting procedures are 
eliminated. Machining operations are minimized. Wasted man-hours 
due to casting defects are eliminated. Special machines can be pro- 
duced with only slight modifications of the standard design, saving 
time and money. With shielded arc welding and today’s highly 
efficient fabrication methods, production is faster. 

Welding Reduces Fixed Charges. — Instead of purchasing parts 
from an outside source, they are made in the same shop. This work 
reduces overhead costs and thereby results in additional profit on 
all production. 

Inventory Charges are Minimized. — Inventory for welding is 
approximately 10% of that required for casting. The standard steel 
parts used for welding can be purchased on short notice from any 
steel mill or jobber. Ntew design developments do not obsolete stocked 
material . 

Allows Freedom in Designing. — Steel, welded, permits an easy, 
quick, economical method of meeting the functional requirements, 
and results in a freedom of design not easily approached by other 
methods. A combination of steel castings and welded rolled steel 
(see Fig. 475) is sometimes used where the economic factors of the 
particular shop or installation so indicate. This freedom in designing 
results in most efficient utilization of the metal. Service requirements 
are adequately and economically met. 

METHODS OF DESIGN 

Introduction. — Design should start from the functional or service 
requirements of the machine to be designed. One of the first things 
to be considered is the loading and the resultant stresses on various 
parts. The material used must meet certain load conditions. These 
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axe prime or simple load conditions, such as tension, compression, 
shear, torsion, bending. In machines these exist generally, in combina- 
tions rather than any one single type. 

In addition to the type of load, the method of loading should be 
considered, as the rate of application of loading. This may vary from 
a dead load, an example of which is the weight of a beam ... to a 
slowly applied load ... to a more rapidly applied load . . . and 
finally a suddenly applied or impact load. 

The frequency of loading also is important. It varies from a very 
few applications over a long period to a great number of applications 
in a very short time. Reciprocating parts are in the latter class, called 
fatigue or endurance loading. 

It is evident that stress distribution must be given careful considera- 
tion because, if a section is stressed beyond its limit, regardless of how 
small it may be or whether it be in tension or fatigue, failure will 
occur. The intensity of the stress, and its kind, or class, are governed 
by the size and shape of the part and the amount and class of the 
loading. Good stress distribution uses material to advantage, thus 
reducing costs. 

Ductility of the metal may be of great importance. This is the 
ability of the metal to change its shape or adjust to load conditions, 
thus resulting in a better stress distribution. 

It is well to break down the major problem into the units and 
elements previously mentioned. 

Design and Construction of a machine may be considered from 
three view points: 

Preparation of the parts. 

Welding. 

Final or finishing operations. 

As an example of a study, in accordance with the above outline, 
joints will be discussed under each of these headings. 

Preparation, — The preparation of the parts may be relatively simple 
(see Page 28), involving beveling or scarfing of the plate. Or it may 
involve cutting to shape and size or, perhaps, forming such as required 
in the construction of the bases shown in Fig. 477. 

A single vee butt joint, for given plate thickness, requires about 
twice the amount of weld or deposited metal that a double vee joint 
requires. However, the machining is slightly more expensive on the 
double vee and it is necessary to weld from both sides, requiring the 
tumi ng of the part. Both joints are equally efficient (if properly 
made) but one will be lower in cost than the other, depending on 
design and shop facilities. 

It is interesting to note that a plate one inch thick (2'-0" x l'*0") 
costs less if made of two plates 1-0" x l'-O", one inch thick, welded 
together, than to cast a 2'"0" x l'-0", one-inch plate. This relatively 
simple example emphasizes the low cost of welded fabrication. 

This discussion of joints can be continued, including single U # 
double U, tee joints, etc. These, too, may be considered in line with 
above, and the lowest cost joint determined. 
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Welding. — This is the primary operation in the making of joints. 
It is to be noted, however, that the size of the welder (see Page 2 18) 
and the size of the electrode (see Page 214) have considerable effect 
on cost . . . that the fewer the number of passes, the less the distortion 
(see Page 97). Naturally, welding costs go up in proportion to the 
amount of metal deposited (see joint discussion above). Flat welding 
is less costly than vertical or overhead welding, and can be produced 
at a higher rate of speed (see Page 154- 167). 

The joint must be accessible. The comfort of the operator should 
be considered. All of these have a very direct bearing on the cost 
of depositing metal or, in other words, the making of the joint. 

Final or Finishing Operations. — The preparation and welding have 
a definite effect on the final or finishing operations. These final opera' 
tions may involve just cleaning (note the need for ready accessibility 
to cut cleaning costs), followed by painting, or they may consist of 
more elaborate processes, such as sand-blasting, stress-relieving and 
heat treatments. They are dependent upon the type of the product, 
service requirements and loading. And, while in some cases they might 
be considered as part of welding, it is well to view them separately 
and inter-relations studied, thereby resulting in the maximum cost 
reduction for welded fabrication. 

RoHed Steel — Can Be Used Efficiently — Comparison to Cast 
Iron. — Following is a specific example showing the utilization of 
materials, and their relative economy and efficiency of performance. 
A very simple case — that of a beam with a concentrated load at the 
mid-point — is used to illustrate a method and to keep the problem 
from becoming complicated and involved. Most machine tools are 
subjected to bending, usually combined with other types of loading. 

The problem is to outline a method of design to change a simple 
beam from cast iron to steel. Note that this is not an academic dis- 
cussion but is the result of a study where this particular problem was 
actually involved. 

As in most cases of machinery, deflection is of great importance, 
it is here used as the outstanding criterion of design. 


L .... ^ . . 




* l * 






1 

< 

j 

‘ 

CAST K 



Fig. 478. 

The complete formula for deflection for a beam loaded as shown 
in Fig. 478 is 

PI 8 +y Wl 8 

D 48EI 384 El 

where P = Concentrated load in pounds 
1 = Span of beam in inches 
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W sss Total weight of beams in pounds 
E = Coefficient of elasticity — pounds per square inch 
I s= Moment of inertia in inches 4 
D = Deflection in inches 


PI 8 

48EI 


is the deflection caused by the concentrated load. 


5 Wl 3 


384 El 
of the beam itself. 


is the deflection caused by the distributed load or the weight 


Usually this may be disregarded because the deflection caused by 
the weight of the beam is relatively small in comparison to that caused 
by the concentrated load. For example a rectangular beam of cast 
iron 3" x 10" and 10' x 0" long with a concentrated load of 8,000 
lbs. at the center, has a deflection due to this load of .096" and the 
deflection due to the weight is .007". In designing from cast iron 
to steel, the weight of the steel beam is less than that of cast iron 
and consequently the deflection in steel, due to the weight of the 
beam, is less than the corresponding deflection for the cast iron beam. 
The steel design will, therefore, be conservative and the deflection 
of the steel beam will be less than that of the cast iron beam if a 
simplified form is used, as the following: 


D = 


PI 3 

48EI 


A rectangular beam (Fig. 478) is used because it is simple insofar 
as the calculations of the moments of inertia are concerned. 

Cast Beam 

The deflection of the steel beam is to be the same as the cast beam. 
That is 


PI 8 __ PI® 
48E.iI.i 4SE.I. 


from which Edict = E«I« 


I. 


bd® Ect 
12 X E. 


Since Ect = 12,000,000 
E. = 30,000,000 


Note: 

Subscript et refers to cast iron; 
s, to steel 

b = width of beam 
d = depth of beam 


Icl = 


bd® 

12 


bd 3 

12,000,000 X “^==30,000,000 X I. 
.4bd® 


12 


= 1 . 
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Steel Beam 

This is a reduction in weight of 60% as dimension “b” for the 
steel beam is .4 that of the cast iron beam. See Fig. 479. Note that 
this concerns the moment of inertia, and does not take into account 
warping of the plate as a web member. This characteristic will be 
considered later. 


t-\ 1 

p , , 
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Fig. 479. 


Consider the moment of inertia and its effect on design (comparing 
cast iron and steel). The general equation for resisting moment: 



x 


where M = Bending moment in inch pounds (Resisting) 

S = Stress in pounds per square inch (remote fibre) 

I = Moment of inertia in inches 4 

x = Distance from neutral axis to the most remote fibre 
in inches 


The subscript “t” denotes tension and "c" denotes compression. 
Then: 


M - StI = SeI 
Xt x« 

The moment of inertia is the same on both sides of the equation. 
It follows from this that the ratio of unit stresses of tension to com' 
pression is equal to the ratio of the respective distances from the 
neutral axis or — 

St _xt_ 

S« ~~ x« 

For cast iron the unit stress is assumed as 3,750 lbs. per square 
inch in tension and 22,500 lbs. per square inch for compression. Note 
that other figures may be used but these will not alter the conclusions. 
The ratio of distances to the extreme fibres is 1 to 6. In the same 
way, steel at 13,750 lbs. per square inch for both tension and com- 
pression the ratio is 1 to 1. The simplicity of design in steel is obvious. 

In this discussion the section modulus— is not definitely con- 

sidered but rather the moment of inertia, which is part of the section 
modulus. The values of I and x depend upon the distribution of 
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metal and must be considered separately. If this statement seems 
unusual it should be remembered that the section modulus as given 
in structural hand books is for a definite rolled shape. In welded 
design the shape may be varied easily. This is one of the big ad' 
vantages of welding — the placing of metal where it is most effective. 
This characteristic of welding is most important and should be borne 
in mind throughout this discussion. Otherwise designs would consist 
merely in the selection of standard shapes from catalogs. 

It has been shown previously that for the deflection of a steel 
beam to be the same as a cast iron beam, the moment of inertia of 
a steel beam is A the moment of inertia of* a cast iron beam. If the 
steel is stressed to the limit of the allowable working stress, the factors 
M, S and I are known. 

SI 

M =— Therefore x is fixed. This factor x is onedialf the depth 

of the steel beam. If the dimensions of the space available are such 
that a depth greater than 2x may be utilised, then x can be increased, 
resulting m i lighter section. Note this is an advantage obtained by 
use of high tensile steels. If x and S be increased then I may be 
obtained with materially less weight and consequently lower cost. 
A thin section costs less to weld than a thicker section and the material 
cost therefore is reduced both for base metal and weld metal. 

I and x involve mechanical dimensions of the beam and buckling 
of the web should be considered. In most cases this is not a factor. 

To show how the value of I and x may influence the design, con' 
sider cast iron and steel as two design materials and some definite 
figures. This comparison may be carried forward for any kind of 
materials and the figures given show the application to a specific case. 

Assume unit stresses of 3,750 lbs. per square inch tension and 
22,500 lbs. per square inch compression for cast iron. If these values 
are used to calculate a beam, the tension member will be very wide 
and the compression member very small. For example, a beam 10" 
deep, a web y 2 " thick, upper flange 1" wide and !/•?" thick. The lower 
flange will be approximately NA/ 2 ' wide and 2J4" thick. Such a shape 
is out of reason for production, both as a design application and a 
cast proposition. Therefore the theoretical design of the cast iron 
beam must be compromised with the production possibilities. The 
dimensions of the theoretical beam may be changed considerably by 
increasing the allowable stress for tension, but even then a nomsym' 
metrical cast iron beam will result. Such a shape may not be practical 
from a cast standpoint. 

Casting limitations are governing factors in determining the shape 
of the cast iron beam. The pattern must be of such design that it 
may be taken in and out of sand without disturbing the mould. For 
cast iron beams of other depths than this, the same relative high 
ratio of lower to upper flange is maintained due to the relatively high 
ratio of compression to tension working stresses. 

The ratios which have been considered may be varied by changing 
the characteristics of the gray iron used for casting. The limitations 
imposed by the casting still exist due to its inherent characteristics 
as to tension and compression stresses. 
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This is not true of welded steel construction where it is possible 
to work every member to the desired limit and there are no dificult 
pattern considerations limiting the designer. 

This is shown somewhat more definitely by the following. 

In general, there will be space limitations of say 6" wide and 
10" deep. Metal at a distance from the neutral axis is more effective 
for stiffness and weight reduction than metal at the neutral axis. 

Assume that a web Yz” thick and an upper flange Yz' thick and 
a lower flange 1" thick represent good foundry practice. The lower 
flange, being in tension, will require the larger area and it is necessary 
to go to the limit of available space or a width of 6". 

The question may be raised as to the reason for using a 1" lower 
flange thickness but calculations show that for a thicker lower flange 
the increase of the moment of inertia or stiffness is below the pro' 
portional increase of the mass of metal or weight. This is illustrated 
by the sections 1 to 6, Table I, on Page 394. Note the change in 
moment of inertia, change in unit compression stress and the change 
in the maximum bending moment. 

Cost is based partially on weight, and if the maximum bending 
moment in inch pounds is divided by the weight of the section in 
pounds per foot, the result is inch pounds per pound of material 
per lined foot, which is a measure of efficiency of design. It will be 
noted that there is a considerable variation in this value. Definite 
sections give definite maximum bending moments. These sections may 
be selected on the basis of inch pounds per pound of material per 
lineal foot, but they must also be selected on the basis of the amount 
of the maximum bending moment. 

Table II shows for different ratios of thicknesses the ratios of the 
moment of inertia. Section 1 has been selected as the unit upon which 
comparisons are made with the other sections. 

By reference to Tables I and II, Page 394, interesting comparisons 
of the sections shown with these tables can be made. 

Moment of Inertia. — Comparison of Sections 1 and lb on the 
basis of the unit tension of 3,750 lbs. per square inch, shows that 
increasing the width in the ratio 1:3, that is the area of the upper 
flange three times, a 25 % stiffness is gained and the deflection is 
reduced; whereas increasing the depth of the lower flange at the same 
ratio, the area of the lower flange Sections 3 and 5 being increased 
three times, there is a gain of only 15% in stiffness, although relatively 
more area and consequently more mass is added by increasing the 
lower flange. 

Bending Moment. — The bending moment is a measure of the 
capacity of the beam. As the bending moment and stresses are pro' 
portional to the respective areas, the bending moment increases with 
the area of the governing stress which, in the case of cast iron, is 
tension. Thus an increase of the area for the tension member will 
increase the bending moment to a greater extent than an increase 
in the compression member. By increasing the width of the upper 
flange three times, a gain of 13% is effected for the bending moment 
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Table II 


Sec- 

Ratio of Width 

tion 

Upper Flange 

1 

1 

la 

2 

lb 

3 

2 

5 

3 

11 


RofWt. 


R of in. lbs. 
lb. 



Sec- 

tion 

Ratio of Depth 
Lower Flange 

R of I 

R of M 

RofWt. 

R of in. lbs. 
lb. 

3 

1 

1 

1 

1 

1 

4 

2 

1.12 

1.38 

1.44 

0.96 

5 

3 

1.15 

1.51 

1.87 

0.82 

Sec- 

tion 

Ratio of Ac 

At 

R of I 

R of M 

R of Wt. 

R of in. lbs. 

T 

1 

1 : 24 

1 

1 

1 

1 

2 

1 : 4.7 

1.48 

1.20 

1.09 

1,10 

3 

1 : 2.18 

2.05 

1.35 

1.23 

1.11 

4 

1 : 4.36 

2.30 

1.87 

I 1.76 

1.06 

5 

1 : 6.55 

2.36 

2.04 

2,30 

0.90 
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By increasing the thickness of the lower flange three times, there is 
a gain of 5 1 % for the bending moment. 

From these figures the reader may make his own comparisons, 
indicating the limitations. The tension or compression or both can 
be varied, but it should be remembered to keep them within decent 
design limits. The reader, then, for his own specific problem, can 
discover just what its limits are. 

Weight. — Certain characteristics are obtained as the area of the 
section is changed. Therefore, variation of the cost logically follows. 
Sections have been divided into groups which will be evident by 
looking at the tabulation given on Page 394. This may be illustrated 
by noting that when the area of the upper flange is increased three 
times the weight is increased only 7%. If the area of the lower 
flange is increased three times, there is an increase in weight of 87%. 

It has been shown that for the same proportional increase of ten' 
sional area, there is a gain of 51% for the bending moment. This 
gain is obtained at an increased weight of 87%. Thus the utilisation 
of material is not good. 

Utilization of Material. — The real measure of a design is^ the 
utilisation of the material. Reference to the first group of sections, 

1 to 3 inclusive. Page 394, shows that with a constant lower flange 
and an increase in the upper flange of 1:2:3:5:11 there is an increase 
in utilization of material at the ratio of 1:1.04:1.06:1.10:1.11. 

The second groups of sections, 3 to 5 inclusive. Page 394, shows 
that where the upper flange is constant and the depth of the lower 
flange increases at the ratio of 1:2:3, there is a decrease of utilization 
in the ratio of 1:.96:.82. Comparing the sections 2 and 4 there is 
about an equal ratio of the flange area. The increase of the flange 
width of section 2, which means increasing the area of the upper 
flange five times, shows an increase of 48% in stiffness with a 10% 
increase in utilization. Whereas the increase of the flange thickness, 
section 4, which is increasing the larger area of the lower flange of 
section 3 only two times, shows only 25% increase in stiffness with 
a 50% decrease in utilization. This demonstrates very clearly that 
the economical design is obtained by an increase of the width of the 
flange and not by the thickness. 

Increasing the width of the upper flange or the compression section 
is preferable to the increase of the thickness of the lower flange. The 
increase in utilization, which is a measure of cost, is lower than the 
increase in stiffness, due to a reduction of compression stress. This 
is obtained at the expense of weight, which means a cost of material. 

Such a section is relatively thin for cast iron and a beam with 
such a section is not particularly desirable from a casting viewpoint. 

Example of How a Standard Rolled Steel Shape and a Built-up 
Shape Compare to a Cast Iron Beam. — Rolled steel shapes are pro- 
duced in standard sizes. There may or may not be a standard size 
which meets the same requirements of the cast iron beam discussed 
previously. However, by the use of arc welding a special shape may 
be built up of rolled steel plates to meet these requirements. Thus 
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the designer is not limited to the selection of standard shapes. The 
requirements must be analysed to determine whether a standard shape 
or a built-up shape is more practicable. A typical analysis follows: 


PP 


M = 


48EI 

SI 


or M 


SJ 

Xt 


SJ 

Xc 


The ultimate tensile stress of ordinary cast iron tension is 22,500 
lbs. per square inch. The ultimate tensile stress of mild steel is 55,000 
lbs. per square inch (figures are quoted from Marks Mechanical En- 
gineers Hand Book). 

In the tabulation just discussed, the maximum working stress 
for cast iron in tension is assumed at 3,750 lbs. per square inch, which 
is a safety factor of 6. Using the usual factor for steel gives 13,750 
lbs. per square inch. Substituting these values in the equation above — 
Since I* =,41«i 

3750Iei _ 13750 X-41. 
x«i x» 


or 


5500x«t 
X ‘ “ 3750 


1.47x«. 


As previously mentioned, the ratio of stress in steel, tension to 
compression is 1 to 1, the section therefore is symmetrical. Again 
taking the available depth as 10" and the width as 6": 

2x. = 10 


With this value and the moment of inertia of steel section as a 
minimum and equal to .4 of the moment of inertia of cast iron section: 


3750I»i _ S« X .41*i 
x.i 5 

3750 S. X .4 
x.i 5 


3750 X 5 
.4 


= S. X x«i 


46875 = S. X x«i 

Reference to section 3, Page 394, x.i is 4.01. Therefore, the unit 
stress of a 10" theoretical steel beam having a moment of inertia of .4 
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the moment of inertia of the cast iron section 3, would be 11,650 lbs. 
per square inch. Using the other equation and the limiting value 
of stresses and calculating x«: 

X s= 1.47 X 4.01 
= 5.9 

The depth of the steel beam would, therefore, be 11.8" exceeding 
the allowable space limits. 

This shows that for a given bending moment and fixed unit stress, 
the steel beam being symmetrical, its depth is determined or for a 
fixed depth the maximum stress which can be obtained is determined. 
If commercial I sections are considered there should be selected that 
section which has the minimum moment of inertia. Considering sec* 
tion 3, this minimum moment will be found to be .4 X 197 = 78.8. 
The distance x* = 5.9 and, therefore, to fulfill the same requirements 
as a cast iron beam, it is necessary to find a rolled section with a 
minimum moment of inertia of 78.8 and a minimum section modulus of 
78.8/5.9=13.3, and a depth of 10". 

The section modulus has been used because that is easily calculated 
from the data available and it is given in the handbook. This has been 
used as a convenience and short-cut to obtain section wanted. 

Reference to a structural steel handbook will show that the nearest 
section is a standard 9" I-beam 21.8 lbs. per ft. with a moment of 
inertia of 84.9 and a section modulus of 18.9. 

The maximum allowable depth is taken as 10" and a 10" I selected, 
which has a weight of 25.4 lbs. per lineal foot, a moment of inertia 
of 122 and a section of modulus of 24.4. This commercial 10" section 
with its higher values will show a lesser stress, 9,700 lbs. per square 
inch, than the above discussed theoretical section of 10" with its 
11,650 lbs. per square inch. These rolled commercial sections thus 
limit the use of the material to the best advantage. Later will be 
discussed the built-up steel sections which may be fabricated by weld- 
ing and which do not have the limitations imposed by the rolled 
sections. 

In order to obtain a steel section with the same characteristics as 
the cast iron section 3 (see Page 394) : 

I. = .41.i 
= 78.8 
x. = 1.47xt 
= 5.9 

M 

S* x* 

= 13.3 

If it is desired to maintain the stress of 13,750 lbs. per square 
inch, the ratio of — which is equal to the ratio of is determined. 

This ratio is 13.3, which is the section modulus. 

If it is desired to use the maximum allowable depth of 10", x« 
must equal 5. However, x« = 5.9 according to the above equation. 
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Therefore there would be a lower value for the moment of inertia 
when x» = 5. I* would be 66.5 which is below the allowable minimum 
of 78.8, necessary to give a deflection not exceeding the specified 
amount. The loading, M, is given, as is also the maximum allowable 
space. These, with I* determine the depth (2x) of the beam. 

For a stress of 13,750 lbs. per sq. in., x« = 5.9. The depth (2x) 
of this steel beam exceeds the available space. Since x = 5, the stress 
can be determined by the following equation: 

o Mx. 

S, = ' IT 

__ 184000 x 5 
~ 78.8 

= 11675 

The maximum allowable working stress will not be reached if the 
depth of the steel beam is limited to that of the cast iron beam. 
However, the steel has a better stress ratio and a symmetrical section, 
the compression area of the steel being used to better advantage 
than the compression area of the cast iron section and this is very 
largely responsible for the weight reduction. 

Steel could be used more efficiently for this particular problem 
in a built-up section than a standard shape. To determine just what 
this section will be, assume a theoretical section having two flanges 
6" wide 10" apart. No web has been assumed in this theoretical 
section. Calculation shows that the flanges should be .2786" thick. 
The weight of this theoretical section will then be 11.35 lbs. per 
foot, or 16,200 inch lbs. per pound. Sinch web buckling determines to a 
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Section 

Max. 
Bending 
Moment 
in 1,000 
inch lbs. 

Weight 

Per Foot 

Cost 

Per Foot 

Inch Lbs. 
Per Lb. 

Inch Lbs. 
Perlc 

C.I. 

Steel 

% = 
Steel 
C.I. 

C.I.® 
6c lb. 

Steel 

© 

5c lb. 

C.I. 

Steel 

C.I. 

Steel 

1 

136 

32.6 

17.5 

54% 

$1.96 


4150 

7750 

695 

2560 

2 

163 

35.6 

18.4 

51.5 

2.14 

.55 

4560 

8850 

760 

2950 

3 

184 

40 0 

21.8 

54.5 

2.40 

.65 

4600 

8450 

765 

2830 

4 

254 

57.5 

25.0 

43-5 

3.45 

.75 

4410 


735 

3375 

5 

277 

74.5 

25.0 

33.5 

4.47 

.75 

3746 

11100 

620 

3700 

6 

125 

32.5 

25-5 

78.5 

1.95 

.77 

3850 

4900 

640 

1620 

7 

184 

40.0 

15.4 

38.5 

2.40 

.47 

4600 

11950 

765 

3980 


certain degree the web thickness, a % 6 " web plate will be used. 
Inasmuch as there is no standard plate thickness of .2786, it is neces- 
sary to use a plate for the flanges for the practical built-up section. 
However, the use of a inch web will increase the moment of 
inertia of the built-up section somewhat above 78.8, which is the 
required moment of inertia the section must possess to meet the 
requirements set up for the cast iron section. In fact, a web 

increases the moment of inertia of the section to such an extent that 
the width of the flanges may be reduced from 6" to S 1 /^' without 
reducing the moment of inertia below 78.8. An I shape composed 
of three plates fused into a single unit by the electric arc, having 
a 5 1 //' width and a 10" depth, weighing only 15.4 lbs. per lineal 
foot, built-up shape as shown above as section 7. 

Steel is superior to cast iron, even though the mechanical dimen- 
sions are such that the steel cannot be stressed to the maximum allow- 
able stress. 

The tabulation above shows the comparison of cast iron and 
steel and also gives a comparison of steel sections. A marked saving 
of weight is shown by the built-up section 7, as compared with section 
3. The specific utilisation of material, which means in this case the 
number of inch lbs. per one cent shows very clearly the advantages 
of steel. The tabulation shows that the best value for cast iron is 
765 inch lbs. for one cent, whereas for steel we have as high as 
3,980 inch lbs. for one cent. This is the advantage of the built-up steel 
section, which is obtained only by the welding process. 

A striking example of the efficiency of a section of welded rolled 
steel over one of cast iron is the throat of a heavy duty punch press. 
This is shown graphically in Figs. 480 and 481. In Fig. 480 the 
steel section consists of a thick plate. In Fig. 481 a better utilisation 
of inatefial is shown by use of a built-up I section. The areas of the 
cast iron section, the heavy steel plate section and the built-up steel 
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Fig. 480. Fig. 481. 


I section, as shown in these figures, are in the approximate ratios 
of 100:45:30, respectively. The shape and area of the sections were 
designed on the basis of equality of moment of inertia and the figures 
given in the following table. Since the throat of a press is subject 
to shock load, the factors of safety for this type of load are used. 


Ultimate Values 

Material 

Compression 

Tension 




in lbs. per sq. in. 

Cast Iron 

90,000 

22*500 

Rolled Steel 

55,000 

55,000 



Material 


Load 


Sapbtt 

Factors 

Steady 

Varying 

Shock 

Cast Iron 

6 

■r ■ 

20 


Rolled Steel 

4 

■ol 

12 




Load 

Working Values 
or Compression 

Material 

Steady 

Varying 

Shock 

Cast Iron 

Rolled Steel 

15,000 

13,750 

9.000 

9,200 

4,300 

4,580 




Load 

Working Values 
oi Tension 

Material 

Steady 

Varying 

Shock 

Cast Iron 

Rolled Steel 

3,750 

13,750 

2,250 

9,200 

1,125 

4,580 


It may be argued that cast iron qualities may be improved; that the 
unit stresses may be changed; that other casting materials may be used. 
If this is done, the cost per pound is increased and the increased 
saving due to the weight reduction is largely offset. 
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In machine design when standard shapes can be utilised they 
will in general be low in cost, but their use may be limited due to 
the complications of loading. 

The designer must take cognisance of the function of the machine. 
The steel should be laid out to meet the requirements without regard 
to the cast iron design. The designer should then determine whether 
standard steel shapes or built-up steel shapes will prove most efficient 
and economical. Built-up sections, made possible by arc welding, offer 
the designer a most efficient medium for meeting design require' 
ments and provide lower production or machine operating cost or both. 

Deflection. — Deflection which is proportional to the bending mo 
ment and inversely proportional to the moment of inertia for any 
given material is a major factor in designing. 

Only the mid'section of the beam has been discussed. It is evident, 
however, that there is a variation of conditions from the mid'Seotion 
to the point of support. 

When a beam is simply supported, the bending moment and the 
deflection increase with the distance from support. If a beam is de' 
signed for a given deflection at the center the beam section required 
at the center, if continued throughout the beam, will make it heavier 
than necessary. 

The depth of the beam calculated on the basis of the require' 
ments at the center of the span, is not required at the points of support 
because the bending moment, and also the deflection, is zero at these 
points. Obviously the beam section cannot be reduced to zero. 

Rolled sections are evidently not the ideal shapes for this purpose 
because they are of uniform cross sections throughout. Built'up sec' 
tions, fabricated by welding take advantage of all these conditions. 


p 



The accompanying drawing shows a beam with uniform cross 
section with reactions R and a load at the mid'point P. Calculating 
the moments for the various sections and plotting these moments as 
ordinates, the diagram Id is obtained. In a similar manner the depth 
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of the beam required for the concentrated load only is plotted, diagram 
lb. For a uniformly distributed load the moment may be plotted as 
shown in diagram 1c and the depth required for the uniformly dis- 
tributed load, including the weight of the beam, in diagram Id. These 



Shear* — Shear — the tendency for one section tp slide past an- 
other — governs the size of the beam at the point of support. 

External shear is the algebraic sum of the forces on one side only 
of the section. Shear will be expressed by ordinates drawn to scale 
at the sections of the beam under consideration. 
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The shear due to the load P being constant between the supports; 
the depth would be uniform throughout the length J. The shear for 
the distributed load will be zero at the center increasing gradually tc 
the points of support. The diagrams show these values graphically, 
namely: 2a shows the shear and 2b the beam depth for the concentrated 
load; 2c the shear and 2d the beam depth for distributed load. The 
combination of these two is illustrated by 2c and the depth of the beam 
required is shown in 2/. 

In If is shown the depth of the beam required for the bending 
moment and in 2f the depth required for shear. These are combined in 
diagram, 3. It is evident from this diagram that a beam of uniform cross 
section is not the most economical type to use when weight is the 
governing factor. Also it is evident that the best design is that which 
follows the load requirements both as to shear and bending as indicated 
in diagram 3. 



The beam shown in diagram 3 is a built-up or fabricated beam 
which lends itself to arc'welded design and economical fabrication. 
One example where a built-up beam or girder costs less than a standard 
commercial shape is a bridge girder or an overhead traveling crane. 
In mobile units such as a crane the decrease in weight by the use of 
built-up girders affects the cost of operation and the mobility of the unit. 

It has been shown in the previous discussion that cast iron places 
more limitations on design than rolled steel, that the limitations placed 
on design by standard shapes of rolled steel can be removed by the use 
of arc welding to build up special shapes which will make the design 
more efficient. Thus by the use of arc welding, the few limitations 
placed upon the designer are those imposed by the metal itself. There 
are no further limitations imposed, such as the restrictions caused by 
available shapes or sections. 
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The designer can design and specify the size and shapes of the 
members to produce the units or parts of machine structure to make 
that machine more efficient, lower its cost of manufacture and improve 
its operating functions. 


Fig. 4S2. Above: Two views of a tilting mechanism for a 150-ton tilting open hearth 
furnace. At first glance this would appear to be a fairly complicated design. However, 
it is merely an assembly of simple parts. These parts are shown below. (1) Base for the 
drive. (2) Base for speed reducing and operating mechanism. (3) Cover for tilting gear. 
(4) Cast steel bearing cap. (5) Speed reducer covers. (6) Bearing cap covers. 
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The Design Approach — One Part at a Time — A machine design 
is simply an assembly of main parts such as a base, frame, covers, 
containers, wheels and auxiliary parts such as levers, brackets, bosses 
and cams — regardless of how complicated it may seem. See Fig 482. 



Fig. 483. Bases — (A) 4,000-Ib. base lor boring machine, (B) Shovel base. (C) Column 
lor press. (D) 26-ton main bed lor gear unit. 
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The simplest, most effective approach to welded machine design is to 
design one part at a time to meet the functional or service requirements 
of that part. 



Fig. 484. Frames — (A) Pulverizer mill frame. (B) Framework lor grain milt (C) 
Gathering head for mining machine. (D) House trailer body frame section. (E) Rear 
post for road 'grader. 
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Classification of Units of Design. — The various parts of a machine 
may be grouped into the following main classifications, each of which 
has a variety of applications which determine its specific design. 


Fig. 485. Covers — (A) Air cleaner hood for crawler shovel engine. (B) Gear-case 
for mining locomotive. (C) Door for vegetable peeler. (D) Belt guard for compressor. 
(E) Sheave guard tor crawler shovel. 
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1. Bases or frames. 

2. Covers. 

3. Containers. 

4. Wheels. 

5. Auxiliary parts. 


Fig. 486. Containers — (A) Basket for metal degreasing machine. (B) Discharge box 
for vegetable peeler. (C) Gasoline tank for power shovel. (D) Ice slinger discharge. 
(E) Grain mill grader spouts. (F) Sump tank for power shovel. 
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Following is a discussion of these units. 

Bases.' — These units of support are used in some form for practically 
every machine design. Often they are of the bedplate type. Some" 
times they are in the form of a frame which serves as the support 
and housing for other parts. Typical bases and frames are shown in 
Figs. 483 and 484. 

Covers. — This classification includes: 

Gear Guards 
Doors 

Pulley Housings 
Dust Covers 
Lids, etc. 

The purpose of covers on any machine is either to protect the 
internal mechanism from damage from the outside or to shield the 
moving parts so that they themselves will not be a source of danger. 
Usually covers are not subjected to any considerable stress, and con" 
sequently the lightest cover is the best cover provided it has the 
requisite stiffness. Examples are illustrated in Fig. 485. See also Part 
VIII (Machine Parts). 

Gear guards probably are the widest used form of covers. The 
former method of making these was either by casting or by riveting 
steel. Cast gear guards have all the disadvantages of any cast-iron 
product which include high cost and unnecessary weight. Riveted 
gear guards, while utilizing less expensive steel, require flanging or 
flange angles, so that the cost to manufacture may possibly be higher 
than that of a casting. Furthermore, the rivets have a tendency to 
work loose under the constant vibration to which gear guards are 
usually subjected. 

The construction of arc welded gear guards is simplicity itself. 
Sheet or plate is cut to the proper shape and the edges welded so 
that the entire part is an integral piece of steel. Gear guards of 
this nature may be made dust tight and oil tight and the cost is a 
fraction of that for other methods. 

Covers other than gear guards can be made in the same manner. 
Use standard steel sheet or formed plate if necessary and weld all 
joints. 

An example of a cover known to everyone is a door such as is 
used on a milling machine and very frequently on other machine 
tools. This door carries no part of the load on the machine, and 
is only subject to breakage through being struck. However, because 
cast iron is extremely brittle in thin sections, and which are very 
difficult to cast, doors of cast iron are many times heavier than would 
be required if steel were substituted. 

Doors of this nature can be easily made from flat stock stiffened 
where necessary by welding on ribs or angles. Hinges and knobs can 
likewise be welded on and the cost would be less than for any 
other style of construction. 
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Containers. — The classification containers is extremely broad and 
includes: 


Tanks of every description 

Boilers 

Hoppers 

Drums 

Bins 

Chutes 

Mixing chambers 


Tumbling barrels 
Vats 

Revolving driers 
Dump cars 
Clamshell buckets 
Annealing pots, etc. 
Pipe and piping systems 


For examples, see Fig. 486 and Part VIII (Machine Parts). 

Tanks will be considered first because their use is more general 
than any of the other items in this classification, (See Pages 1042 to 1063.) 

The first requisite of a tank is that it be tight. It must also 
have sufficient strength to withstand the internal pressure to which 
it may be subjected. In pressure tanks the plates and joints are in 
tension. In riveted construction, which was formerly the only method 
of making tanks, the strength in tension of a riveted joint is always 
less than the strength of the plates joined. This is because the plates 
are weakened at the joint by the rivet holes. To obtain the necessary 
strength it is therefore necessary to provide for this weakness at 
the joints. Since the efficiency of the usual riveted joint varies from 
45% to 75%, the increase in the thickness of the plates to provide 
for this is considerable and represents a large part of the cost of 
any tank. 

In arc-welded construction the joints are made as strong as the 
plates joined. It is not necessary to make the plates thicker through- 
out their length to provide for the requisite strength at the joint 

Here, then, is one great saving by using arc welding in place of 
riveting. Furthermore, the actual cost of making the welded joint is 
less than that for making a riveted joint. 

In tank work there is still another advantage. In riveted tanks 
the method of making tight joints is by caulking the metal along the 
edge of the plates, a makeshift at best and is also expensive. It is 
frequently necessary to recaulk after the tank has been in service a 
short time. Arc-welded tanks are tight because the plates are solidly 
joined making the tank actually a single piece of steel. In addition, 
a welded tank resists corrosion better than a riveted tank, and avoids 
leaks around rusted rivets. 

Containers Other than tanks can also be made by arc welding 
cheaper than by riveting or casting. Examples include conveyor buckets, 
concrete mixing drums and many others. 

Wheels. — Included in this classification are all types of wheels, 
gears, pulleys and sheaves. In many cases their manufacture can 
be made more economical by the use of arc welding. Ample evidence 
bf this is presented by the increasing number of welded products of 
die above classification which are now applied to machinery and other 
mechanical equipment 
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Fig. 487. Heavy duty pulley of arc-welded steel construction. 


The pulley. Fig. 487, is made up of steel plate with the exception 
the hub which is of round bar stock drilled for shafting. Note that 
small triangular pieces of plate welded in place as shown transmit 
load from the wide face of the pulley to its web. 

Gears and gear blanks are shown in Figs. 488 and 489. They are 
similar in that the rims and hubs are constructed alike. The hubs are 
sections of round bar stock drilled for shaft. The rims are plate or flat 
bar stock formed into rings with abutting ends arc welded. The web 
construction is different for each of the gears or blanks shown. See also 
the gear blanks in Fig. 476. 



Fig. 488, Arc-welded gear blank and finished gear of 26-In. OJD. 
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Fig. 489. Thro* pieces of rolled steel were fused into one by the electric arc to 
form this six-spoke gear blank. 


Three Methods of Design. — There are three methods of design, 
namely: (1) The approximate or direct replacement of steel for cast 
iron. This involves the use of steel in place of cast iron, sections 
being proportioned to the dimensions of the original casting. (2) 
The conventional method wherein some account is taken of load or 
service conditions and the members, joints, etc., proportioned to that 
load, using established values for loading. (3) The precise method 
wherein unit stresses are carefully figured and the design worked out 
in detail 

Each of these methods is used in its proper place. 

DIRECT REPLACEMENT METHOD OF DESIGN 

Any approximate method of producing a satisfactory design will not 
necessarily obtain the most efficient use of material or lowest production 
cost. With these limitations in mind, the application of this approxi- 
mate method may be made. 
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It is not always possible to know tie loading, but the dimensions 
of the casting to be replaced are known. It is therefore possible to 
work from these dimensions and lay out the welded steel construction. 


Fig. 490. Brackets — (A) Engine step for crawler shovel. (B) Tagline lair Settler and 
sheave for shovel. (C) Engine air cleaner support. (D) Oil pump bracket. (E) Gauge 
clamp. (F) Take-up rack for shovel chain control. 
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In most machines, deflection is a very important item, generally 
the governing one. The steel design must therefore have a deflection 
no greater than that of the cast iron. Assuming that one section of 



I Fig; 491. Levers — (A) Chain tightener ior mining machine. (B) Lever for mining 
locomotive. (C) Lever for slabbing machine. (D) Pressure block crank for bending 
machine. (E) Machine tool lever. 
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the old casting is an approximate rectangle as shown in Fig. 492, then 
the steel section for the same deflection will be as shown in Fig. 493 
(see Page 390). 



Fig. 492. Fig. 493. Fig. 494. 


For the same depth the steel width should be not less than four- 
tenths of the width of the cast iron section. If necessary to maintain 
the width, then the depth for steel will be three-fourth that of the 
cast iron. Fig. 494. In one case a 60 per cent saving in weight and 
in the other only 25 per cent. 

Quite frequently the section for cast iron looks something like 
an I-beam. 

It has been shown that the greatest weight saving resulted when 
the depth was not reduced. Therefore the depth will be kept the 
same. The width of the web and the thickness of the flange are reduced 
to four-tenths of the cast iron value, but the depth is the same as 
before. This is portrayed graphically in Fig. 495 where the steel 



Fig. 495. 

section has been superimposed over the cast section. Note the dif- 
ference in thicknesses of the section, the saving of weight effected 
by use of steel. 

A summary of the above “rule of thumb 11 method for determina- 
tion of design evolves the following general rules: 

(1) For the same degree of rigidity the thickness of the steel 
section should be 4/10 the thickness of the cast iron section, 
other dimensions of the steel to be the same as for cast iron. 

(2) Where strength is the determining factor with rigidity a 
secondary factor, the thickness of the steel section should 



WELDED STEEL CONSTRUCTION— MACHINE DESIGN 


417 


be one-third the thickness of the cast iron section; other 
dimensions of the steel to be the same as for cast iron. 

(3) Where strength is the determining factor and rigidity is un- 
important, the thickness of the steel section should be J4 the 
thickness of the cast iron section, other dimensions of the steel 
to be the same as for cast iron. 

In these general rules the ratios of required thickness of steel 
to cast iron are based on the values of these materials as tabulated on 
Page 400, also on 30,000,000 pounds per square inch as coefficient of 
elasticity for steel and 12,000,000 pounds per square inch for cast iron. 

Specific Examples — A Simple Support. — To illustrate the Direct 
Replacement Method of design, consider a simple base as shown in 
Fig. 496. Assume that this cast iron base is 18" x 21" x 15" high, 
weighs 162 lbs., has a section thickness of 1 /i / and costs $9.22 (at 
6 cents per lb.) . 

Here, both strength and stiffness are the determining factors. 
Hence, in designing for welding, follow Rule (1), Page 416. 

First consider the replacement of the cast iron with standard 
structural shapes and rolled steel plate. 

Due to the greater strength and stiffness of rolled steel the various 
members of the arc-welded bases may be 24" in thickness instead of 
the V 2 " section required for the cast iron base. 




The arc-welded steel base, Fig. 497*, is composed of one 18" x 
21" x 24" plate for the top and four 5" x 5" x 24" angles for the legs. 
These members are assembled and welded as shown. The cost of 


this base is as follows: 

Steel, 100 lbs. @ 3* $3.00 

Cutting to size.. 10 

Welding, 40"— 24" fillet @ 10* ft 33 

(includes labor, power and electrodes) 

Overhead 200% of Labor. 86 

Total cost of welded steel base, Fig. 497. ..$ 4.29 


f 

•In this discussion of Methods of Design drawings of welded parts are illus- 
trative only, showing the assembly of component parts. Welding symbols such 
at arc used for working drawings (see Page 44) are not shown. 
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An improvement of design and appearance of the arc-welded base 
may be obtained by the addition of an apron or rails connecting the 
top and legs as shown in Fig, 498. Thus nine members assembled 
and arc welded as shown form this base. The cost is as follows: 


Steel, IHV 2 lbs. @ 3$ $3.35 

Cutting to size. 13 

Welding, 90"—%" fillet @ lOf ft 75 

(includes labor, power and electrodes) 

Overhead 200% of Labor.. .. ~ 1.76 


Total cost of welded steel base, Fig. 498.. $5.99 

Compare the arc-welded steel base, Fig. 499 with the cast base, 
Fig. 496. 

The welded steel base consists of three pieces of %" plate cut 
and formed as shown in Fig. 500. The assembly and location of 
welds are shown in Fig. 499. The cost of this base is as follows; 




Steel, 88 lbs. @3$ per lb. (less scrap) 

Cutting 

...$2.64 
.... .15 

Forming . 

... .08 

Welding, including labor, power and electrodes. 

12" — J4" butt weld @ 9$ ft 

... .09 

48" — 14" fillet weld (fo ft . 

... .24 

Overhead 200% of Labor. 

... .66 

Total cost of welded steel base, Fig. 499 

...$3.86 


It should be noted that all the designs for the steel bases are 
calculated on the physical characteristics of welds made by a shielded 
arc, with the most modem equipment. Welding costs are also com- 
puted on this basis. Welding costs will be somewhat higher when 
other equipment is used. 
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Z P/K 55 EEQ * 

Fig. 500 


A comparison of the total costs and weights of the cast base and 
the arc-welded steel bases shows from 33% to 57% cost reduction. 


Description of Base 

Cost 

Weight 

Cast Iron, Fig. 496 

$9.72 

162 lbs. 

Are-Welded Steel, Fig. 4Q7 - _ . 

4.29 

100 lbs. 


Arr-WrlHni Stw-I, Fig. 4QR 

5.99 

111K lbs. 


Are-Welded Steel, Fig. 4QQ ___ _ ... . 

3.86 

88 lbs. 



A Base, — Next, take for an example of Direct Replacement, the 
more involved base shown in Fig. 501. This particular cast iron part 
is approximately 55" x 26" x 20" high, weighs 1350 lbs. and has main 
supporting members of 34" thickness. Here again both strength and 
stiffness (Rule 1) are the requirements. 

In this case, l / 2 'ii ich rolled steel would provide for greater strength 
and stiffness than the 34'hich cast iron sections. (Equal strength and 
stiffness would dictate a ^.e'hich rolled steel section. However by 
using Yi'inch material, superior service will be assured at a substantial 
saving in weight (33% reduction) and cost over the cast iron con- 
struction.) 

















Fig. 502. 
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in Fig. 502. The second, more satisfactory way would be to make 
a new drawing with all sections drawn to scale for welded design 
and with minor refinements such as might be advisable in view of the 
use of rolled steel and welding. See Fig. 503. 



Fig. 503. 


Press Frame. — This is an actual example of a fabricated steel press 
frame to replace a cast iron frame which broke in service. All overall 
dimensions had to be maintained so that it could be moved into place 
without changing other equipment and setup. 

The original design, shown in Fig. 504, comprises solid cast iron 
members of the dimensions shown (main columns 6" x 9") . Its weight 
was 4S00 lbs. 

Here, rigidity and strength are the determining factors. Hence, 
Rule (1), Page 416 applies. 

The requirements of rigidity with maximum strength and savings 
in weight can be met to greatest advantage by the use of a fabricated 
box section to replace the solid cast iron members. Such rigid box 
sections are made possible by arc welded fabrication at low cost. The 
dimensions of the main column members can be increased sufficiently 
to permit this box construction with even greater strength and rigidity 
than the cast iron and at the same time to keep the floor mounting 
dimensions the same. 

Cross-section of the cast iron members is 6 " x 12" = 72 sq. inches. 


Fig. 504. 


/jr‘- 


Hcnce, for rolled steel, a cross-section of .4 x 72 = 28.8 sq. in. is 
required. This can be secured by using a box section of plate, 
built to the dimensions shown in Fig. 505. The minimum section of 
the fabricated columns is 6"x The resultant area is approxi- 

mately 3 1 sq. in. which more than meets the requirements. Additional 
strength and rigidity is provided by stiffeners welded on the inside of 
the box section as shown in Fig. 505. 

Other sections and parts of this frame are replaced by steel in 
like manner. 

CONVENTIONAL METHOD OF DESIGN 

In this method, some account is taken of load or service conditions 
and the members, joints, etc., are proportioned to the requirements, 
using established values for loading. The following practical examples 
illustrate this method. 



WELDED STEEL CONSTRUCTION-MACHINE DESIGN 


423 



Fig. 505. 


Line of Bedplates.— Most bedplates are of a type which has a 
self 'contained load, such as a motor-driven pump or motor-generator 
set. 

A study is first made of the floor plans of the bedplates being 
used. These plans may be grouped into three general classes: 

(1) Symmetrical about two axes. (See Fig. 506). 

(2) Symmetrical about one axis. (See Fig. 507). 

(3) Not symmetrical. (See Fig. 508). 

It is assumed that all three bases are the same height and about 
the same cross-section. They should be studied to see whether or 
not certain sections could be used interchangeably. 
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For example: Section A (Fig. 506) is the same shape as A in 
Figs. 507 and 508, and sections B of Figs. 507 and 508 are the same 
cV.a p* If the bases are divided along the line as indicated, then all that 
would be needed to make any one of these bases or, in fact, any one at 
many kinds of bases, would be parts A and B. These can be as* 



Fig, 58$, Example el bedplate symmetrical about both horizontal axes. 
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JFlg. 507. Example el bedplate symmetrical about one horizontal coda only. 



Fig. 508. Example of bedplate not symmetrical about either horizontal axi*. 


sembled in any desired combination resulting in A- A base, B'B base, 
or A'B base with any desired variation or difference in center lines. 
(See Fig. 522.) 
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Then the base should be studied in relation to the holding down 
bolts. These should be laid out accurately as to plan and then the 
largest base necessary should be sketched in roughly, and see whether 
or not the smallest plan would fit on to the largest plan to an ad' 
vantage, assuming, of course, that the holding down bolts are in the 
center of a boss, which boss may be moved around to accommodate 
the required dimensions. All of this study indicates very clearly and 
definitely the flexibility of design made possible by welded fabri catio n. 
This reduces the number of stocked parts, resulting in lower inventory 
costs. Because of these advantages, this phase of the problem should 
be given a great deal of thought. 

Next, study should be made of the relative heights of the support 
planes of the driving and driven units. In general, the distance A 
(Fig. 509) from the support plane to foundation is not of extreme 
importance, but the difference in elevation B of the two planes is 
important. A base for a motor driving a pump, for example, must 
have the difference in elevation between the point of support of the 
motor and the point of support of the pump made rather accurately, 
whereas the distance from the motor support to the foundation is 
not of prime importance. These differences should be studied. In 
a good many cases differences may be taken care of by devices similar 
to th#se shown in Figs. 583'586 or, in some cases just a machined plate 
will serve. 



Fig. 509. Example of bedplate having two elevations. 


After the general scheme has been laid out and the number of 
base sizes and dimensions have been generally set, consideration should 
then be given to the joining of the various parts. 

The flexibility of this method, permitting quick delivery of standard 
or special bases, and the low cost, is most attractive. 

Now having the size, shape and depth of base settled, methods of 
joining the parts determined and types of joints laid out, then the design 
can be started. 

Design Procedure. — To illustrate how to design a simple bedplate, 
as shown in Fig. 506, for arc'welded steel construction, it is necessary 
that definite loads and limiting dimensions be assumed. 

The loads are indicated in the accompanying diagram, Fig. 510. 
Approximate dimensions are shown in the preliminary plan, Fig. 511. 
The loads shown on diagram are for one side of the bedplate only 
and are for two machines (such as a pump and motor) weighing 1,000 
lbs. each. After the loads have been determined the next step is 
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to lay out the location of the points of attachment, in plan, and also 
to check the overhang of machines involved so that the bedplate 
dimensions will be correct as to length and width insofar as clearance 
is concerned. 

From the dimensions given in the load diagram, calculate the bend' 
ing moments involved. One of the simplest ways to do this is to 
do it graphically. This is indicated in the sketch. Disregarding the 
weight of the beam, the bending moments are as follows. 
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The subscripts indicate the location of the moments involved: 
Mi= 3 X 250 X ~ - = 718 

40 

M 2 = 24 X 250 X — = 4000 
M a = 48 X 250 X ~ = 4000 
M 4 = 69 X 250 X 4r = 718 
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Tig. 511. Preliminary plan oi bedplate. 


Plot these bending moments to a suitable scale properly located 
on the load diagram. At the various points add them and plot a 
complete curve, which will give the total bending moment diagram. 
Then scale this maximum moment and it will be found that it is 6750 
inch lbs. for this case. Use equation 



and use 13750 lbs. per sq. in. as the unit stress for the first determina- 
tion of the section modulus. Calculate the section modulus from above 
equation. 


6750 = 13750 X — 
oc 


2 

X 


= .492 


A reference to any structural handbook will show that a 3 x 3 x J4 
angle has a section modulus of .58, whereas a section modulus of only 
.492 is required. 

6750 = S X .58 
S = 11650 

Assuming the base is supported at ends only, the deflection under 
the given loading is less than which, under the conditions as- 

sumed, is negligible. Therefore, since the stress will be below the 
assumed limitation and the deflection is negligible, this size angle will 
be satisfactory. 
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FI?. 512. Plan and elevation of bedplate. 
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Using angles, the bedplate is constructed as indicated in Fig. 512. 
Due to the location of the points of machine attachment as shown 
on drawing, the side members need only be 69" in length. A 3 x 3 x % 
angle weighs 4.9 lbs. per foot. There is the total of 15 feet, made 
up as follows: 


Ends 2x21"= 42" 

Sides .2 x 69" = 138" 


180" or 15 ft. 


The weight is 4.9 X 15 = 73.5 lbs. 

Calculation from a shear standpoint will show that one inch of 
Y&” fillet weld on each leg of the abutting angles is all that is necessary 
to use to make the joints strong enough to withstand the load con- 
ditions. However, a fillet weld is somewhat easier to make than 
a Y§' weld. In these joints it would perhaps be more practical to 
use J4" fillet weld instead of J4" fillet. This gives an extra factor of 
safety at little cost. Due to twisting action on the angles, the welds 
at each comer should be distributed partly at the toes and partly 
at the heels. Since the amount of welding in this case is so small, 
it would probably be best to put about Yl" to %" length at each 
point. The bedplate is assembled upside down, the joints being welded 
on the inside. The cutting of the corners as indicated is optional and 
is largely a matter of appearance. See Page 456 for sketches of this 
type of joint. 

A similar example, but somewhat more complicated, is discussed 
in the following paragraphs. 

Bedplate Symmetrical About Longitudinal Axis Only. — This type 
of bedplate may be such as is used for an engine driven generator (see 

Kg. 507). 
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Fig. 513. Load Diagram for Bedplate Fig. 515. 


The bedplate has a load as indicated in the load diagram. Fig. 513. 
From the load diagram, which shows the loads and their locations, 
the moment diagram, Fig. 514, is constructed in the same manner 
as has been outlined previously. The bending moments are as follows: 
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These moments are laid out to a suitable scale and the maximum 
moment is determined, which is 13,494 inch pounds. From the 
mechanical considerations and following the scheme outlined for selec' 
tion of members, it is determined that a 4" x 3" x % 6 " angle, weighing 
7.2 pounds per foot, will be suitable. As the section modulus of this 
angle is 1.23, the unit stress in the most remote fibre is 10,800 pounds 
per square inch. This is calculated as outlined in previous pages. The 
general construction of the bedplate is shown in the drawing. Fig. 515. 
The bedplate is then constructed by using two side angles which are 
cut in the horizontal lengths and bent to conform to the dimensions 
required. Note that the heavy load end of the bedplate is supported 
by a cross angle which acts not only as a stiffener but also forms the 
joint in the side angles. In addition to this, holding down lugs are 
provided at this point. The end supports are of the usual angle type 
with comers rounded for the sake of appearance. Note also that only 
one size angle is used for the construction of this bedplate. This, of 
course, results in considerable economy. 

The first step in the construction of the bedplate is to cut the 
angles to size. The 3'in. legs of the two angles forming the sides of 
the bedplate must be cut and the angles bent to shape as indicated. 
The bedplate is so designed that with the exception of the side hold" 
down lugs, it may be welded entirely from one side, eliminating all 
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unnecessary handling. In case of quantity production a very simple 
fixture is all that is necessary to facilitate assembly and welding. Use 
of fixture will thus lower production costs. (See Page 211.) 

The load determines the size and length of weld required at each 
joint. In this case the total load per side is only 1700 lbs., therefore, 
a Yi” fillet weld, which has a safe tension and shear value of 2500 
lbs. per lineal inch, is ample. The location of the welds is indicated 
on the drawing. Here again, on account of possible twisting action, 
the weld at each comer should be distributed part at heel and both 
toes. Calculations show 1" of J4" fillet ample, but due to this distribu- 
tion perhaps 24 /7 at each of these points should be used. Fig. 554, 



Near wt\d$ x** 

Far weUs 

Fig. 515. Working drawing for a bedplate symmetrical about its longitudinal axis only. 

shows a typical connection as at the four corners of the bedplate. 
Where the sides of the bedplate bend in, the 3-in. legs of the side 
angles are butt welded on the under side. At the mid-point of the 
bedplate the welds ’are on the under side and around the center stiffener 
angle as shown in the drawing. The location of welds in the hold- 
down lug connections is ; plainly indicated. 

# • The deflection of this particular plate is well within the allowable 
limits . governed, by the loading conditions. 

q . The list of material required for the arc-welded steel bedplate is 
as follows; : 


1 angle ,4,50 x B / ie — 

Y-l" 

long 

U 

1 angle ifc 

T-9" 

2 angles 

,1 angle 

Y'9%” 

it 

r-214" 

O'- 3" 

it 

2' angles ' ‘ 

H 

Total l^ngtW ' 1.1.... 

1614 X' 7.2 IBs. = 117 lbs. of steel. 

16'' 3" 
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The cost of the bedplate is estimated as follows: 

117 lbs. of steel @ 3tf $3.51 

Cutting steel to size and bending * 57 

Drilling and grinding 50 

Welding @ $1.00 per hr. including set-up time 40 

Electrodes and power consumed 05 

Overhead 1.15 


Total Cost of Arc-Welded Steel Bedplate....* $6.18 


A cast iron bedplate of same dimensions and for same loading 
would weigh approximately 212 lbs., which @ 6$ per lb. including the 
necessary drilling, grinding and machining, would cost $12.72 or about 
twice as much as the arc-welded steel bedplate. 

Examples of Redesign . — The graceful curves, rounded corners and 
flowing lines of castings are obtained easily in arc-welded rolled steel 
construction, and generally at a materially reduced cost when designed 
properly. The following cast iron base, Fig. 516, offers an example of 
a typical base which can be duplicated for lower cost in arc-welded steel 
construction. The overall dimensions of the cast base are 45" x 22" x 6" 
high. The larger end of the base is approximately 21"x22" and the 
smaller end, 24" x 14". The section or thickness is ]/£". The weight, 
240 lbs. The cost, as estimated at 6 cents per lb., is $14.40. 



Due to the greater strength and stiffness of rolled steel, the various 
members of an arc-welded base may be thick instead of the Vf 
section required for the cast iron base. 



It may seem logical to design the arc-welded steel base as shown 
in Fig. 517. This design requires four 6"x3j/2 angles for the 
sides and a plate for the top of base. The horizontal legs of the angle 
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members are notched to permit bending to the required contour of the 
base outline. The four angle pieces are then assembled and welded as 
shown to form the sides of the base. The top plate is placed in posh 
tion and welded to the angles as per Fig. 517. The bosses are merely 
pieces of drilled shafting stock welded to the sides of the base. The 
cost of this base is as follows: 


Steel* 228 lbs. @ 3# $ 6.84 

Cutting and Bending angles 20 

Cutting plate 85 

Welding* 16' — Y§” weld @ 10^ ft 1.60 

Overhead, 200% of labor 5.30 


Total cost of welded steel base. Fig. 517 $14.79 


The cost of the welded steel base. Fig. 517, proves the inefficiency 
of the design and therefore should be considered only what not to do. 

The design, Fig. 518, offers a more practical solution. This design 
requires only J4" plate cut for bending as shown in Fig. 519. To give 
the required rigidity to the bed, two stiffeners are incorporated into the 
assembly as shown. The appearance of this arc-welded steel base is com- 
parable in every respect to the cast base, Fig. 516. The cost of the 
welded rolled steel base is as follows: 



Steel, 155 lbs. @ $4.65 

Cutting 49 

Forming 35 

Welding, 6' of weld @ 10^ ft 60 

Overhead, 200% of labor 2.88 

Total cost of welded base. Fig. 518 $8.97 


It should be noted that all the designs for the steel bases are cal- 
culated on the physical characteristics of welds made by a shielded arc 
with the most modem equipment. Welding costs are also computed 
on this basis. Welding costs will be somewhat higher when other equip- 
ment is used. 

A comparison of the total costs and weights of the cast base and 
the arc-welded steel bases may be obtained from the following tabulation. 
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Note that arc-welded steel construction of the properly designed base 
of the type and sise indicated saves approximately 38% of the cost 
of the cast base. 


Description of Base 

Cost 

Weight 

Cast Iron* Fig. 516 . _ . _ 

$14.40 

240 lbs. 

Arc- Welded Steel, Fig* S 17 

14.79 

228 lbs. 

Arc-Welded Steel, Fig* ^18 ... . . ... 

8.97 

155 lbs. 




Fig. 519. 


Unsymmetrical Bedplates. — Bedplates which are not symmetrical 
about either axis — for example, Fig. 520 — may present some intriguing 
problems to the designer. The lack of symmetry makes the mechanical 
problem of the selection of the rolled steel parts to be used particularly 
unusual. However, the method of analysis is in general the same as 
for the usual symmetrical bedplate. First, all load conditions should 
be determined and load diagrams made. Particular attention should 
be paid to the kind of load which will be imposed on the bedplate. 



Fig. 520. Example ol an uniynunetrleal bedplate. 

There will be the usual bending, but torsion may be combined with 
handing . There are a multitude of possible combinations of bending 
and torsion. To analyze all these possible combinations would require 
more space than may be allotted here. A brief general outline of the 
analysis may prove helpful. 
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After the loads are diagrammed, study should then be given to 
the mechanical layout. It may be well to divide the bedplate into 
several parts, depending upon load conditions. After determination 
of the principal part the required members of this part should be 
calculated on the basis that they will be unaffected by load conditions 
on other parts. This same procedure should be followed through for 
determining the members of the other parts of the bedplate. The 
members of each part should then be further calculated with con- 
sideration given to load conditions on one part affecting members 
in another part. The greater the number of combinations of load 
conditions the more intricate the analysis and determination of the 
proper size* shape and weight of the various members of the bedplate. 

Comparison of Designs and Costs . — Arc welded steel construction 
proves exceptionally economical when applied to groups of bases which 
are almost identical in shape, but vary only in location of one center 
line. (See Page 424). 

For example, a manufacturer of pumps and similar equipment 
might require 270 variations of such a base for his complete line. 
Assuming combination patterns and a possible ratio of 5 to 1, that 
is 5 bases made from one combination of patterns, this means that 270/5 
or 54 patterns would have to be made. At an average cost of $250 
per pattern, the investment in patterns would be $13,500. The charges 
for depreciation and storage on these patterns would be at least 
10% or $1,350, which amount would purchase complete arc welding 
equipment. 

A typical example of such a base is illustrated by the casting, 
Fig. 521. The units of this base measure 22" x 14" and 18" x 18" with 
overall depth of 4%." The base weighs 275 lbs. The cost of the 
casting without machining, as estimated at 6 cents per lb., is $16.50. 

The arc welded steel base, Fig. 522, is offered for comparison to 
the cast base. Units A and B have in common a bar member, C. The 
two units may be placed in innumerable positions, in relation to each 




other, along member C. Thus by varying the length of C all possible 
combinations of A and B may be obtained to form any required base. 
Units A and B may be made up and carried as stock items. 

Because the base height is 4*4", angles having a 4" leg should 
be used with this leg vertical. Boss plates should be | 4 " thick to bring 
the base to the required height. Boss plate dimensions for Unit A 
are 4" x 13J4" x 14" — for B, 5 V 2 " x 17J4" x J4" These dimensions 
determine the size of the other leg of the angles required for framing 
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the two sides of each unit. For A, the sides should be 5" x 4" angles; 
for B, 6" x 4". The thickness of the angles to be determined by the 
loading of the base. If the casting has a section of the greater 
strength and rigidity of rolled steel allows the use of angles only Y&” 
thick. The end angles may be 4" x 4" x Bar G, the member 
common to both A and B, is 4" x 

The welds are all placed on the inside of the frame of base. This 
is easily accomplished by turning the base over to weld. The boss 
plates are welded all around from the top side of base. Welding all 
around the boss plates is not essential to sound construction, as a few 
intermittent welds properly placed will suffice; however, the appearance 
is improved by a continuous weld, but the cost is increased. 

The cost of the arc- welded rolled steel base is as follows: 


Steel, 127 lbs. @ 3$ $3.81 

Cutting _ 10 

Welding— 6.3' of %" fillet @ 100 63 

13.5' of !4" lap @ 60 81 

Overhead, 200% of labor 3.08 


Total cost of welded steel base $8.43 

It should be noted that the design for the steel base is calculated 
on the physical characteristics of welds made by a shielded arc with 
the most modern equipment. Welding costs are also computed on 
this basis. Welding costs will be somewhat higher when other methods 
are used. 

A comparison of the total costs and weights of the cast base and 
the arc-welded steel base shows that arc-welded steel construction costs 
49% less and weighs 53% less than the cast base. 


Description of Base 

Cost 

Weight 

Cast Tron, Fig. Sll i 

$16.50 

275 lbs. 


Arr-WrMrri Str-rl, Fig. *\22 __ . r 

8.43 

127 lbs. 



Bedplate in Which Elevation of One Unit is Greater Than Other 
Unit. — Bedplates in which the plane of support of the two units is 
the same have been previously discussed. A case where there is a 
difference in the elevation of the planes of support will be considered, 
an example being a large fan driven by a motor. 


j 1 j f I L 

Fig. 523. 

When the difference is small, the easiest way is to construct the 
usual type of bedplate and then place on top of it channels or angles. 
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There may even be cases where the use of a heavy plate is advisable, 
the additional cost of the metal being less than the cost of assembling 
a n umb er of small parts. Illustrations of how various differences in 
elevations may be obtained are given in Figs. 523, 524, 525, 526 and 527. 



Fig. 524. 



Fig. 525. 



Fig. 526. 



Fig. 527. 


In some cases the weight on the higher elevation is so small that 
it may be taken care of by an extension beyond the dimensions of 
the bedplate (see Fig. 509). This is generally an unusual or special 
application, whereas the case in which the unit is supported at a higher 
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elevation and the support is directly on the bedplate is the more 
common one. The bedplate itself is laid out as has been previously 
outlined, so that consideration will only be given to the additional 
part involved. 

A simple form, as shown in Fig. 524, consists of the very common 
structural type of construction. This is four angles with some cross 
bracing and some angles at the top to support the mechanism. This 
is very easy to assemble and is low in cost. It is assumed that this 
would be attached directly to the bedplate by welding and that the 
supports on the bedplate are directly underneath the apparatus which 
is on top of this pedestal and, therefore, the angles may come straight 
down. 

Another design is shown in Fig. 525. This design calls for two 
channels with a plate on top and a mitred angle for use where the 
bedplate dimensions are wider than the top of the pedestal. Note 
that the angle is used where this pedestal is bolted to the main 
bedplate. Were the pedestal to be welded to the bedplate, the hori- 
zontal leg of the angle would not be necessary and in such case, a 
plate would be used instead. 

A variation of the design, Fig. 525, is illustrated in Fig. 526. This 
construction is made up of two angles and two plates cut to the 
required dimensions. The angles are made relatively deep so as to 
obtain sufficient stiffness in that direction. If it is found necessary 
to get additional stiffness, other stiffener members may be placed in 
position. 

All of these designs call for only standard structural shapes. Where 
better appearance is desired, it may be advisable to go to bent plates 
such as are shown in Fig. 527. This construction requires two plates 
cut and then bent and two angles welded to these plates. This gives 
a pleasing appearance and at the same time considerable stiffness in 
both directions. 

The above illustrations show a general scheme of pedestal construc- 
tion. Modifications of this general scheme will, of course, lead to a 
very great number of different designs but they may be essentially 
classified as indicated. 

Bedplate Design by Diagram. — This discussion relating to the 
design of a line of bedplates, is intended to illustrate a design method 
rather than to provide working data for this specific application. It 
concerns a convenient method of using a plotted curve to arrive at 
design values. This plan can be applied to the design of many lines 
of machine parts with proper charts devised for each part. 

This design method is for the determination of the sise of the 
side members of a base, these side members may be angles, either of 
equal or unequal legs, channels or v T n beams. The ends are to be 
of suitable size angles to fit the side members. 

It is assumed that there will be two units of equipment on the 
base and two general types of loading are involved. 
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First, the weights of the units are equal and each unit is placed 
the same distance from the end of the base, shown diagrammatically 
in Fig. 528., 



SeconcJ, the units are not?, of the same weight and are not the same 
distance from the ends. This is shown in Fig. 529. 



Fig. 529. 
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For both cases the length of the base may be expressed in terms 
of the distance (a) center line of one unit to the end of the base. 
That is, 4-a, 5-a, or 6-a or any other factor, these being the most com- 
mon ones. 

To find the size of the side members, simple methods may be 
followed. This will be considered under the two headings. 

First, equal weight of units and equal distance from the ends. 

“W” is the weight of a unit in pounds, “a” is the distance expressed 
in inches from the center line of a unit to the end of the base. Multiply 
“W” by ‘V and this will give a certain “product”. Referring to Fig. 
528, a vertical line erected at that “product” will intersect the diagonal. 
At this point of intersection of a horizontal line extended to the left 
will indicate the sections which may be used for the side members 
of the base. Any section above this horizontal line will be acceptable, 
those sections nearest being the most economical. 

As an example, assume that the weight of a unit is 4200 lbs. and 
the distance “a” is 20 inches from the end to center line of unit, 
20 x 4200 equals 84,000. A vertical line at this point (84000) on Fig. 
528 intersects the diagonal. From this intersection a horizontal to the 
left indicates a 4-inch 6% lb. channel or a 4^1" x 3"x % 6 " unequal 
leg angle. A 4-inch 7-pound “I” beam or a 5"x5"x34" equal leg 
angle may be used, these being somewhat heavier than required. 

Second type. Weights of units not equal and placed at different 
distances from the ends. Wl and W2 are weights of units in pounds, 
Wl being less than W2. “a” and “b” in inches are distances from 
the ends of the base, “a” for Wl and “b” for W2. (See Fig 529). 
“a” is less than “b”. Divide Wl by W2 and call the quotient “K”. 
Divide “a” by “b” and the quotient “c”. Refer to Fig. 529 under 
“K”, for the particular length of base expressed as a multiple of “a”. 
Opposite “c” will be found a factor. Multiply W2 x b by this factor, 
and this will result in a certain “product”. Then proceed as outlined 
above under the first type. A vertical line erected at this “product” 
will intersect the diagonal. At this point of intersection a horizontal 
line extended to the left will indicate the sections which may be used 
for the side members. As an example, assume a base 126" long with 
the smaller weight Wl — 3000 lbs,, 21" from the end. The larger 
weight 5000 lbs., 30" from the end. Then K is 3000 divided by 
5000 or .6. 

C 21/30 (a/b) = .7 

The base length is 126 or 6xa. Under K .6 and the base length 
6a, we find opposite C equals .7, the factor .86. 5000 x 30 x .86 equals 
129,000. This is the “product”. Referring to Fig. 528 at 129,000 
we find as outlined above, under first type, that a 4-inch 8 Vi lb. I 
beam or 5"x5"x 1 /^" angle may be used. A 5 -inch 9 lb. channel 
or 6" x 3 V 2 " x 3 /&" angle will be just a little large. 

Note the first case (equal weight of equipment and equal distance 
from end) is a special one of the second type. That is “K” equals 1 
and “c” equals 1, and of course, the factor equals 1. Note also that 
“a” might equal “b” in which case “c” would equal 1 and the cor- 
responding factors would be used as indicated under the different 
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values for K. If K and “c” and the base lengths are different than 
those given in Fig. 529 these factors may be easily obtained by estimate 
ing from the data given in Fig. 529. For example, supposing that,the 
base is 5a but K is equal to .3 with a factor of C = .7. Under K = 2 
and C = .7 the factor is .76 and correspondingly under K = .4 the 
factor is .80. .3 being halfway between .2 and .4, the factor “c” 
would be .78. 

It is to be noted that while in general the sections given are the 
minimum weight sections for the required service there may be times 
when a heavier section will be desirable due to mechanical require- 
ments other than the bare support of the equipment. It is taken for 
granted of course, that the side members will be completely welded 
into the end members. 

Other Types of Bases. — The broad general classification of bases 
includes all types of bases. It may be easily visualised that by setting 
one of the bedplates shown up on end it may be commonly known 
as an end frame. By tying two of these together a complete framework 
for a machine may be formed. 

Such end frames may be built in various manners, depending upon 
the design requirements. In some cases a single piece of heavy plate, 



Fig. 530. A one-piece plate side frame for an inclined press. 

flame cut to the required shape. Fig. 530, may be utilised. A pair 
of plates tied together by transverse plates to form a hollow built-up 



*5ECT/Otf 



FI 9 . 531. End frame, for a bending roll, having a built-up section of steel plate. 







Fig. 532. Baling press end frame with main members composed of formed plate arc 
welded to form hollow section. 

Regardless of how complicated the form of frame or bedplate 
it may be constructed of plate or standard or built-up sections. The 
more complicated the form the more advantage shown by arc-welded 
construction. 

When construction of a machine of any type is contemplated, the 
most important consideration is service life and the cost of obtaining 
it. (See Page 383.) Comparing cast iron with steel shows that the 
latter has three times the strength of the former. (See Page 400.) 
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section, Fig. 531, has many applications. Standard shapes may be 
used in vertical frames as in bedplates when tied together by bracing 
members of plate or shapes. Sometimes the main members of such 
frames may be built up as shown in the drawing, Fig. 532. 


SECT/ONAA 


Fig. 533. 
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This fact must be kept constantly in mind; otherwise, a comparison 
between any two given machines might result in comparing a small" 
capacity cast machine with a large capacity welded machine on a first" 
cost basis only. 

The machine to be redesigned is a shear used in shearing boiler 
plate up to %'inch in thickness at a speed of 10 feet per minute. 
The shear has a 50"inch throat and weighs 7500 pounds, built of 
cast iron. (See Fig. 533.) The cost is $450.00 not including the 
pattern. Principal dimensions are given in Fig. 534. 



Preliminary calculations are based on the throat section of the 
shear since that is the critical section, see Fig. 535. No great error 
will be introduced if the sides of the flanges are considered parallel 
as in Fig. 536. The first calculations follow, using the values indicated: 



b — 



Fig, 536. 
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Applying the formula 


Xt = y 2 


aH 2 + Bid 2 + bidx (2H — dQ 


aH + Bid + bidi 

we have 

Xi - 1 / ^ (29l/ 2 ) 2 + 22 (5%y + 15 X 3 (2 X 29|/ 2 - 3) „ 

n 2 X 29/ 2 + 22 X 5J4 + W X 3 

then 

X.= 17.75 = (29.5 — 11.75) 

The moment of inertia, 

I = 1/3 (Bxt 3 — B x h 3 + bxe* — bih x 3 ) 

therefore 


3 3 3 3 

I = 1/3 (24 X 11.75 — 22 X 6 5 + 17 X 17.75 — 15 X 14.75) 
I = say 26,000 for the cast iron frame 


However, the required moment of inertia of steel section is only 
4/10 that of cast iron section or 10,400. 

As a preliminary, assume a rectangular solid steel frame equal in 
depth to the throat section of the cast iron shear. Solving for b 
(Fig. 536): 


_ 3 

bd 3 b X 29.5 

I = — = 10,400 

12 12 

then 

12 X 10,400 

b = = 4.87, or, say, 5 inches 

3 

29.5 

The total weight of material for this solid steel frame would be 
64 x 64 x 5 x .29 or 5950 pounds. At three cents per pound, the cost 
of materials would be $178.50. The cost of machine cutting the 32 
feet of 5 'inch plate would be: Labor $2.50, overhead (at 200 per cent) 
$5.00, gas $5.76, $15.00 for set'up, or a total of $28.26. Allowing 
$12.00 for small additional parts and $15.00 for the feet, the total cost 
of materials and labor with the solid steel frame is $233.76. 

Compared with the present cast iron frame (weight 7500 pounds, 
cost $450.00), the solid steel frame represents considerable savings. 

The solid steel frame does not, however, represent a good use of 
metal since the shear so built has three times the strength of the cast 
iron shear. Equal strength can be provided by the most effective use 
of steel through an alhwelded design, which will permit still greater 
savings in weight and cost. 
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Fig. 537. Fig. 538. 


Note for example the cross section of the cast iron shear shown 
in Fig. 537. Such a cross section is necessary for cast iron but would 
be a waste of material if reproduced in steel. The next step would be 
a rectangular section as in Fig. 538. This, however, is also a poor 
use of material. 

It is obvious that certain changes can and should be made in the 
design to make most effective use of the superior qualities of steel as 
compared with cast iron. 

The solution is an alhwelded design which will prevent waste of 
material and still provide the shear with equal service life to that 
obtained with cast iron. A still further reduction in weight and cost 
will be permitted. 

In starting the alhwelded design, the flanges are considered first 
without any reference to the web. Then the web is calculated and the 
flanges as first determined are modified so that the flanges plus the 
web give the required value for I. 



Fig. 539. Fig. 540. fig. 541* 


First, place two plates 29J4 inches apart, inside to inside, as shown 
in Fig. 539. As the value for I for a lunch plate lunch long is 378 
then for a 17"inch plate lunch thick, I would be 378x 17 or 6420. 
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This is with no web and would indicate that a plate V /2 inches to 2 
inches thick would be the proper site to use. (Note that a plate 24 
inches wide would be nearly large enough, that is, I would equal 
9100 in ldnch site.) 

A consideration of appearance, however, would indicate that the 
flange should not be too wide. For this reason, use is made of a flange 
18 inches in width, the web being V /2 inches. On this basis, the 
calculation for I gives 10,400. 

Calculating the values for this arc welded steel cross section, use is 
made of the accompanying Fig. 540 and the following formulae. 
Values of various parts of Fig. 540 are: d = 29.5", b = 18", t = 1.5", 
2d + t= b = 18", 2d= 18—1.5, a = 8.25". 

bd 3 — Sac 3 
~ 12 


Substituting, we have 10,400 a — 8-2 5c 

12 

Solving for c: 124,800 = 462,000 — 16.5c 3 

16.5c® = 462,000 — 124,800 = 337,200 
c 3 = 337,200 -r- 16.5 = 20,400 
c (Fig. 540) = 27.3" 

3 

Solving for a: 10,400 = (2a + 1.5) 29J — 2 <t~r 

* 0 .) 


10,400 = (2a + 1.5) 25,670 — 2a (18,600) 

= 51,340a + 38,505 — 37,200a 
Transposing 14,140a = 86,295 

a (Fig. 540) =6.1, say 6.25 inches 

This calculation gives the basic section for the all-welded design 
using standard steel plate. (See Fig. 541.) 

Considering first the amount and cost of materials required in all- 
welded construction, it is found that the overall dimensions of the plate 
are 71 x 65. The weight, figured at 61.20 lbs. per sq. ft for lJ/ 2 -inch 
plate, would be 1970 lbs. The flanges, 14 feet wide by lj^-inches thick 
by 30 feet long, would weigh 2150 lbs. The total required is thus 4120 
lbs. At 3c per lb., 4120 lbs. of steel would cost $123.60. The actual 
cost, however, will be less since approximately $4.50 will be recovered 
from scrap at lc per lb. The material for all-welded construction is 
consequently $119.10. (Compare this with the $178.50 for materials 
with solid steel construction.) 

The cost of cutting this 4120 lbs. of steel into proper shapes for arc 
welded construction would be as follows: 


Gas 




1 hour, at 60 ft. per hr. 

Overhead at 200% ... 

F30xl2xlJ4x.27\ 

100 j 


•-r— ** 


$1.00 

2.00 

- 1.46 


$4.46 
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In addition to the cost of cutting, $10.00 is added for set-up time, 
bending flanges, etc. Thus the actual cost of preparing the material for 
welding is $14.46. 

Welding costs will include attaching the web to the flanges, welding 
on small brackets, etc. and for 25 feet of straight fillet welding. 

Approximately 7.04 lbs. of electrode will be required per foot of 
weld in attaching the web to the flanges. This welding, done at the 
rate of 1.00 ft. per hour, would cost as follows: 

Electrode (5 x 7.04 x .09) = S 3.15 

Labor (5 ft. at 1 ft. per hr.) = 10.00 
50 % operating factor = 20.00 


Cost, welding web to flanges = $3 3. 15* 


♦This estimate allows 5 feet of welding at the throat area where full strength it required. 

The remaining 25 feet of welding can be straight fillet welds @ 8 
feet per hour. The costs for this would be: 


Electrode 

Labor 

Overhead 


.$ 5.82 
. 6.25 
. 12.50 


Cost 25 feet of fillet welding $24.57* 


•This figure includes the cost of welding on small brackets, etc. 

The above calculations for welding costs indicate that the total cost 
of welding is $57.72. 

Recapitulating, the cost of building the shear of steel to an all 
welded design is: 


Materials $119.10 

Cutting and labor — 14.46 

Welding (electrode and labor) — 57.72 


Total cost, arc welded shear 


.$191.28 


A comparison of results with cast iron construction, steel (but not 
an all-welded design) and steel all-welded design is shown in the fol- 
lowing table: 




Steel 

Steel 

Item 

Cast Iron 

(not all- 
welded) 

(all-welded 

design) 

Weight, lbs. 

7500 

5950 

4120 

Cost, dollars 

450.00 

233.76 

191,28 


From this comparison, the advantages of the all-welded design are 
readily apparent. Tracing the redesign of the shear from cast iron to 
steel (not all-welded), then to steel (all-welded), the following particu- 
lars are to be noted: 
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In the transition from cast iron to steel, the weight of the shear 
was reduced from 7500 lbs. to 5950 lbs., a weight saving of 20%. 
Cost dropped from $450.00 to $233.76, a cost saving of 48%. Going 
from steel (not all-welded) to steel (all-welded) , the weight of the 
shear was reduced from 5950 lbs. to 4120 lbs., or a further weight 
saving of 30%. Costs were also reduced from $233.76 to $191.28, a 
reduction of 19%, by use of steel and the all-welded design. 

Comparing weight and cost of the shear built of cast iron and aU- 
welded steel, it is evident that the alhwelded design permits a weight 
saving of 45% and a cost reduction of 57%. These savings in weight 
and cost are made by arc welding without any sacrifice of strength, 
since the service life of the arc welded shear is at least equal to that 
of the cast iron shear. Fig. 533. 

It is to be noted that the above figures on welding costs and the 
design for the steel shear are based on the physical characteristics of 
welds made by the shielded arc with the most modern equipment. 
Welding costs will be somewhat higher when other methods are used. 

Conclusion — The Conventional Method of Design discussed in 
the previous pages is more accurate than the Direct Replacement 
Method and takes fuller advantage of the benefits of arc welded 
fabrication, assuring greater savings in cost and weight, and improve- 
ments in service economy. This method is the most common of the 
three approaches to welded design. 

PRECISE METHOD OF DESIGN 

By this method, unit stresses are figured carefully and the design 
is worked out in detail to meet service conditions very accurately. 
Where weight and performance are factors of utmost importance, 
then it is desirable to use this method to determine the unit stresses 
and required dimensions of material to obtain the most efficient utilisa- 
tion of material. 

Roll Changing Hook — As an example of the Precise Method of 
Design in an assembly of simple elements, consider a roll changing 
hook. This is a hook to change rolls in a steel rolling mill. Dimensions 
and weight of the roll are given. Certain clearances for the hook are 
given. The hook is to be built so that the roll will be horizontal when 
carried in the hook. So that the point of suspension will not have to 
be altered to make the hook hang vertical when empty and loaded 
with different weight rolls, the hook is to be suspended on the center 
line of the rolls and counterbalanced. 

In the following solution of this problem the values for stresses, 
etc. axe for illustrative purposes and may be modified to suit specific 
applications. 
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The solution assumes that the extra weight of the commercial sec- 
tions used is more than offset by the cost of calculating and fabricating 
sections of minimum weight. 

Clearances are as shown in Fig. 542. 

Calculated weight of roll — 39,000 lbs. 




CLEARANCE OF 
CRANE HOOK 


First Assumptions. — Straight sections of hook to be wide flanged 
I-beams. Curved section of hook to be I-beam section built up of 
three plates rather than attempt to bend the I-beam to the small radius 
necessary. Stresses allowed, 12,000 lbs. in steel and 7,000 lbs. in 
welds, to allow for abuse in service. 

Rough calculation to determine approximate size of beam: 

Moment/Stress times = Section Modulus 

(72" + 12 ") x [39000 lbs. (Roll) + 7000 lbs. (Hook)} = 320 

12000 

From United States Steel “Pocket Companion” CB-243 has section 
modulus 330 to 413, and is 24" high with 14" flanges, which are good 
proportions for the purpose. 

The stress in the compression flange should be reduced on account 
of lateral deflection (see discussion of American Institute of Steel 
Construction Specification — Pocket Companion, Page 184) which is 
oftly recognized formula available but applies to floor or similar uni- 
formly loaded simple beams. Beam under consideration is much more 
complicated than this being curved, reactions applied in different 
manner, which would induce greater lateral forces, but about two- 
thirds of the length is in tension, which will reduce lateral deflection. 
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The length of the compression flange is about 25 feet or about 22 times 
the width. The specification for simple beams reduces the tabular 
load (for length over width equals 22) to about 90%. For the condi- 
tions of this beam reduce the load on the compression flange to about 
90% or 10,800 lbs. per sq. in. 

The beam section roughly calculated above, CB-243 section modulus 
330 has section area of 38.21 sq. ins. On an assumed total load or 
46,000 lbs., roll and hook, the tension on the vertical portion of the 
hook throughout the I-beam superimposed on the cross bending is 
46,000 lbs. / 38.21 sq. ins. = 1200 lbs. sq. in. By a coincidence this 
1200 lbs. sq. in. is exactly the amount it was decided to reduce the 
load on the compression flange (which also reduces the load on the 
tension flange) and the beam roughly calculated is suitable for the 
vertical side of the hook. (If this superimposed tension had been 
greater or less the size of the beam would be increased to suit the 
allowed stress on the tension or compression flange respectively.) 

In the top horizontal curved portion of the hook this tension effect 
is not apparent. The built up curved portion of the hook will reduce 
the moment arm and hence the bending stresses in the I-beam section 
by about two feet or more than a quarter. As this is much greater than 
the reduction decided for the compression flange, the I-beam section 
roughly calculated will do for this part too. 

In a curved beam the stress on the inner flange is more than the 
stress in a straight beam of the same section at the same moment. (See 
Handbook of Engineering Fundamentals, Eshbach, Page 5-33 and 
5-34.) 

“12. Curved Beams 1 ’ 

“The derivation of the flexure formula, s = Mc/I, assumes that the 
beam is initially straight; therefore, any deviation from this condition 
introduces an error in the value of the stress. If the curvature is slight 
the error involved is not large, but in beams with a large amount of 
curvature, as hooks, chain links, frames of punch presses, etc., the 
error involved in the use of the ordinary flexure formula is considerable. 
The effect of the curvature is to increase the stress in the inside and to 
decrease it on the outside fibers of the beam and to shift the position 
of the neutral axis from the centroidal axis toward the concave or 
inner side. 

“The correct value for the fiber unit stress may be found by intro- 
ducing a correction factor in the flexure formula, viz., s = KMc/I; 
the factor K depends on the shape of the beam and on the ratio R/c, 
where R = distance, inches, from the centroidal axis of the section to 
the center of the curvature of the central axis of the unstressed beam; 
and c = distance, inches, of centroidal axis from the extreme fiber on 
the inner or concave side. Seely’s Advanced Mechanics of Materials 
contains an analysis of curved beams and also Table VII which gives 
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values of K for a number of shapes and ratios of R/c. For slightly 
different shapes or proportions K may be found by interpolation with 
a fair degree of approximation.” 

Assume the design shown in Fig. 543 for curved portions. 





r“-i 


T 


Section modulus = 400 
Area section = 43.2 sq. in. 

Bending stress on inner tension flange is increased (see Eshbach, 
Page 5*34 next to bottom figure right hand column, for 

R/C= = 2.1) about 1.33. 

Tension in vertical portion of this member increases stress in 
tension side 46000 lbs. / 43.2 sq. in. = 1060 lbs. sq. in. 

Beam should be calculated as straight beam in bending only for 
stress of 12000 — 1060 = 7940 lbs. sq. in. 

1.33 

Check assumed design: 46000 lbs. x 84" _ . _ .. 

400 = 9660 lbs. sq. in. 

Beam section assumed should be increased: 9660 « _ ^ 

7940 = 122 * 

Make curved portion of this section as shown in Fig. 544. 



1- . I 

a — rzn 

^ i i 

. 

2*4 

'4-\ 


7 

—a 

t 1 

ZZ3 


Fig. 544. 


Calculations of principal welds: — 

Make welds to develop full strength of members used. Use 
fillet weld to connect flanges of curved and straight portions. 
Strength of 7 /&" fillet weld is derived as shown in Fig. 545. 
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- FOR STRENGTH HERE 
PER RUNNtNG /NCH. 

.6£"X t"X 6000 LBS. 3700 IBS. 


Fig. 545. 


14" X 1% X 12000 
3700 


57 inches weld. 


Weld web to flanges clear through with “V” welds or two Yi n 
fillet welds. This is more than actual requirements for shear. 

Make welds as shown in Fig. 546, so that there will be no abrupt 
change in section of flanges and no heavy welds directly across an 
important tension member. 

The socket to engage the end of the roll, as shown in Fig. 547, 
would be cheaper as a steel casting than a built up welded construction. 
Check to see if sufficient welding can be developed on this design. 




Fig. 547 
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Assume, to be safe, weld fails by tension on top and compression 
on bottom, turning through center rather than turning on bottom. 
Section modulus of weld (refer to Fig. 548) — 



Fig. 548. 


Section modulus = 550 

Section modulus required = ^oolbiySiTln. = 644 

Section modulus above section deficient by 644 — 550 = 94, 

Add additional welding at top and bottom of above rectangle: 

94 

1 1 ss 5 

,62" x 36 (about) 

Add wings to casting to engage stiffeners between the flanges of 
the beams, as shown in Fig. 549. 



Fig. 549. 


A 6" horizontal dimension of wings adds 6" welding at top and 
3" vertical dimension eliminates 3" weld, giving 6" net weld on two 
welds at top and 6" net on bottom. 

Top Clevis (see Fig. 550) — 



rOR D/A. P/M- M* 4 ^*? * 12000 
d - /9PROX- 4$‘ 

CF?M£ tfOOK 7 H OP£rtttf<S 
OS£ G"p/N 


Fig. 550. 
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Bearing on Pins: — ^qqq = thickness for two plates, or 

Vl” plates. Use at least YY' plates, or better, 1" plates to provide side 
stiffness. 

The hook now appears as shown in Fig. 551. 



Fig. 551. 

Approximate calculation of deflection is as follows (refer to Fig. 
552): 



Fig. 552. 
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Stresses at 

A 

Tension 

0 

Compression 

0 

48 x 46000 

B 

330 

6.700 

6.700 

48x46000 .85* 

C x 

500 1.33* 

5.900 

3.700 

85x46000 .85* 

D x 

500 1.33* 

10.500 

6.700 

85 x 46000 

E6?F 

330 

•Factor* from Eshbach, Page 5' 3 4 

11.800 

11.800 

Deflection AB 48 

.0049 

.0049 

5900 + 10500 3700 + 6700 „„ 
33000000x2 33000000x2 ™ 

.0105 

.0124 

EF H800 jyg 

33000000 

.0558 

.0558 


.0712 

.0731 


Angle of deflection is about: 


.0712 + .0731 
24 depth of section 


.072"/! 2" 


Deflection-roll in socket is % 6 " in 15" length, or .04 in 12". 

To hold roll horizontal socket should be tilted above horizontal: 
.07 + .04, or about Y§” per foot. 

The calculation of the counterweight is simple, and need not be 
worked out in detail here. 


Conclusion — In this discussion of the Precise Method of Design, 
it has been pointed out that by accurate calculation of stresses, the 
minimum amount of material is required to meet the service require- 
ments. 


SHAPES AVAILABLE FOR WELDED DESIGN 

Standard Rolled Shapes — The assembly of sections and shapes 

into a completed part leads to a further consideration of these ele- 
mentary parts. Available standard rolled shapes of a wide variety are 
shown in Fig. 553. 
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Fig. 553. Standard rolled shapes. 


Joining Standard Rolled Shapes — When the particular section or 
sections have been determined to meet design requirements, considera* 
tion is then given to the method of joining them. An explanation of 
various procedures is given in the different combinations of standard 
rolled shapes shown in Figs. 554 to 565. 

Each of these joints should be considered from the same general 
viewpoints — (1) Cost of preparing the parts. (2) Welding cost. 
(3) Handling cost (4) Appearance. 
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Preparation involves cutting. A straight cut costs less than other 
types. It will be assumed that the same cutting equipment is used 
throughout, the variables being the length of the cut and its shape. 
Welding cost is affected by the length of the weld and the ease of 
welding. Flat welding is most economical. (See Page 211.) 

Set-up of the work requires that the joints be so arranged that 
the welds may be easily made, preferably in one position — flat. 

To obtain a pleasing appearance, often it is only necessary to make 
slight changes in dimensions at a slight or negligible increase in cost. 
However, where appearance is a vital factor (see Page 380) it must 
be most carefully considered. Keeping these items in mind, inspection 
of the following joints affords a ready comparison. 









Fig. 556. Angle to I or H — fame size. 
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Fig. 557. Angle to 1 or H — different size. 



Fig. 558. Angle to channel — same size. 
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Fig. 565. I or H to 1 or H — different size. 


Tubular Shapes — A similar study may be made of tubes. 
A tubular section is known to be the most efficient for application 
where a large amount of torsion is involved. It is for this reason that 
airplane fuselages are constructed chiefly of tubular shapes. Certain 
types of bedplates may be subjected to extreme torsion and in such 
cases it may be advisable to use tubular bracing or even main members 
of tubular shape to resist the torsion imposed. Typical applications 
are illustrated in Figs. 5 '66 to 570. Welding has made available the 
use of tubular sections for this purpose, because it permits connections 
being made directly to other members without the use of a mechanical 
connecting member. Welded connections can be made of tubular 
shapes, or tubular shapes and structural shapes at any angle. 

This freedom of design, with tubular steel members is just one 
of the many ways in which welding makes possible economies that 
cannot be obtained by any other method of fabrication or construction. 



Fig. 566. Small electric truck with welded tubular frame. 
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The simplest connection is a straight end-to-end butt connection of 
the same size tubular shapes. This may be a plain butt joint (Fig. 571) 
or a butt joint with back-up ring (Fig. 572). The backing is of great 
assistance in assembly and may permit higher welding speeds. The 
butting ends may be straight or scarfed, depending upon the thickness 
of the tube wall. 




Fig. 567. Tubular furniture of arc welded construction. 


When one tube must be connected to another at an angle, the 
connection can be designed in several ways. The end of one tube 
may be cut to fit a curved surface on the second member, as shown 
in Fig. 573, or a hole may be cut in the wall of one member to permit 
insertion of the other member, see Fig. 574. This hole should be of 
such shape as to permit a close fit with the inserted member at the 
desired angle. Both types of joints require a fillet weld. 


Fig. 568* Structure, stairway and railing of weldod tubular construction. 
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Fi g. 569. The rigid tubular frame of this earth mover also serves as an air reservoir 
or pressure tank for the operating mechanism. 


Fig. 570. Portable oil derrick of welded tubular construction. 

One advantage offered by the type of connection shown in Fig. 
574 is that in assembly of several members simpler jigs or fixtures 
may be required to hold the assembly in alignment for welding. 

When it is desired to join the ends of two tubular members other 
than at a straight angle, any one of several types of joints may be 
used. The joint. Fig. 575, is the simplest of this type, the ends of both 
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Improved appearance may be obtained by use of a special fitting 
which requires two plain butt welded joints, as shown in Fig. 577. 



These designs and connections of tubular members in the same 
plane are basic; many variations of these designs are possible. In 
designing connections consideration should be given not only to 
appearance, but also to the amount of cutting and welding required. 

Comparison of Tubular Shapes to H Beams. — The comparison 
will be made first on the basis of the same area or weight per foot, 
taking as example, 4" x 4", 5" x 5", 6" x 6" and 8" x 8" H-beams 
such as shown in Table I. 


Table I — H-Beams 


Size 

Weight 

Area 

Moment of Inertia) 


Lbs ./Ft. 

Sq. In, 

•Max. 

Min. 

4*x4* 

13.8 

3.99 

10.7 

3.6 

5'x5' 

18.9 

5.47 

23.8 

7.8 

6"x6’ 

22.5 

6.66 

41 

12.2 

8'x8» 

34.3 

10 

115.5 

35.1 


The moment of inertia which is a measure of the deflection, is for 
the smaller value, only about a third of that of the larger value. 

For this same area or weight per foot the moments of inertia for a 
4", 5", 6" and 8" diameter pipes which would take the same over-all 
dimensions as the above-mentioned H-beams (although not occupying 
the space as economically as the H-beam does), are calculated and 
shown in Table II. They are approximately twice the minimum mo- 
ments of inertia of the H-beams and approximately 70% of the maxi- 
mum moments of inertia of the H-beams. It is also to be carefully 
noted that this moment of inertia exists in all directions and therefore 
the pipe may be loaded in any direction desired, provided the required 
moment of inertia does not exceed the values given in Table II, 
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Table II — Pipe of Same Overall Dimensions and Weight 
Per Foot as H'Beams, Table I 


Diameter 

Wall 

Thickness 

Moment of 

Inertia 

4* 

0.36* 

6.8 

5" 

0.38* 

15.0 

6* 

0.38’ 

27.0 

8* 

0.41' 

72.5 


If the thickness of the pipes is increased so as to obtain the same 
moment of inertia for the pipe as the maxim-urn moment of inertia of 
the H'beam, there is a considerable increase in weight for a given 
deflection. Up to this point merely the straight loading or the beam 
loading of this particular type of structure has been considered. 


Table III — Pipe Having Moments of Inertia Equal to 
Maximum Values for H'Beams, Table I 


Diameter 

Wall 

Thickness 

Moment of 

Inertia 

4* 

0.73" 

10.7 

5* 

0.76* 

23.8 

6* 

0.67* 

41.0 

8" 

0.75* 

115.5 


Obviously, the use of a pipe would not be economical where it 
was just a plain case of bending in a single plane, but where it is a 
case of torsion, that is twisting, or a case of combined twisting and 
bending, then the pipe is exceedingly economical. It would take, a 
rather involved mathematical demonstration to show the characteristics 
of the tube in torsion, but it is obvious that the metal is displaced all 
around the center point, which is the center line or axis of the tube 
and therefore is distributed to the best possible advantage, whereas^ in 
the case of the H'beam it is not so distributed and for pure torsion 
would therefore not act so effectively. 

A pipe is the best structural member for the use of combined 
bending and torsion or just pure torsion, and it is obvious as shown 
in the case of the minimum moment of inertia of the H'beam, that a 
pipe for the same weight is superior to the H'beam for this minimum 
moment of inertia, which might be, and in some cases would be, the 
direction of the load and therefore the H'beam would not be partial' 
larly satisfactory. 

It is of course obvious that the H'beam represents the most economi' 
cal distribution of metal for a direct loading or bending moment, 
whereas the pipe represents the most economical distribution of metal 
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for torsion. It should be noted, however, that the pipe is more eco- 
nomical for torsion and bending than is the H-beam, and the more 
the torsion predominates the more the superiority will be evidenced. 

The method of determining what should be used should be the 
same as that followed in the case of the beam, that is, the number of 
inch pounds and the cost of these inch pounds, keeping in mind of 
course that the deflection must be the same in all cases. 

In the case of columns, deflection for a given load is dependent 
upon the ratio of called the slenderness ratio. I is the unsup- 
ported length of the compression or column member and r the radius 
of gyration. In the case of a tubular shape, due to its symmetry r has 
a single value, whereas in the case of H or I-shape$ this is not true. 
Therefore when considering the latter shapes the least value of - 
must be used to obtain the design which will meet the requirements, 
i.e.: the minimum strength value must be used. 

Special Fabricated Shapes. — Unusual or special shapes may be 
produced by (1) joining standard rolled shapes (see Fig. 578) and 
(2) joining special formed shapes such as stampings, forging, castings, 
etc. 



2 ANGLES I- AND 2 CHANNELS Z CHANNELS 

2 CHANNELS ^ TEES 2 PLATES 
l-PLATE 

Fig. 578. 


DESIGN EXAMPLES 

Assembly Details. — The sections and shapes discussed previously 
are used to produce assembly details such as the following: 

Bosses. — Stud bosses may be applied in various ways, depending 
upon their functions. In Fig. 579 the boss consists merely of a piece 
of round bar stock or shafting fused to the supporting member by 
a fillet weld as shown. This boss may perform as supports for other 
parts. If tapped as indicated it may serve as a stay rod connection 
or may support a slotted bar used for adjustment purposes. 

The boss shown in Fig. 580 may be either drilled or tapped. It 
may serve the same purpose as the boss shown in Fig, 579. However, 
this design permits use of a longer stud. The boss is inserted through 
a hole in the supporting member. Fillet welds around the circumference 
of the boss hold it securely in place. 
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When it is advisable to drill a hole in the supporting member and 
where a finished boss is desired on one side of the member, the type 
shown in Fig. 581 may be used. The hole in the supporting member 
locates the boss and the boss is permanently secured by a fillet weld. 
The shoulder on the boss acts as a stop on the opposite side from 
the weld. This type of design is often used in gear case construction 
where a machine boss on the inside is required and the space available 
is limited. 



Bosses in thin plate and sheet metal are often designed as shown 
in Fig. 582. A hole of slightly smaller diameter than the outer diameter 
of the boss is punched in the supporting member and the boss forced 
through the punched hole. A fillet weld is applied. 

These bosses may be drilled all the way through, and in such 
cases serve as shafting or lever rod supports. 

Bosses may also serve as pads to provide proper mounting of equip' 
ment. See Fig. 579. However, mounting pads may be made in any 
size or shape. 

Where pads of considerable area are required and low height, steel 
plate cut to the required dimensions and fillet welded to the supporting 
member will serve. The pad may be machined before welding to the 
supporting member. Where such type pads are required but of greater 



height, they may be built up of structural shapes or plate, Figs. 583, 584 
and 585, or in cases of mounting light equipment plate may be formed 
to the required dimension and shape on a bending brake. See Fig. 5 86. 
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Fig. 588. Fig. 589. 


Common use of bosses is for foundation or holding down bolts, 
the reason being accessibility and clearance for wrenches. The cross 
section, as indicated in Fig. 587, is the same for the bosses Figs. 588, 
589, 590 and 591. The difference in the construction is clearly in' 
dicated in the plan view. The only real difference is perhaps the ap' 
pearance. Figs. 588 and 589 are low in cost being cut from standard 
stock and are then ready for welding, whereas Figs. 590 and 591 are 
cut from stock and are further machined. 



Fig. 590. Fig. 581. 


Bosses similar to those shown may also be applied to the vertical 
sides of bases, as shown in Fig. 592. 
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Rounding corners and machining to special shapes involve an 
additional expense. Quite frequently, this additional expense may 
be somewhat reduced by constructing the boss of a number of parts. 
A typical one, Fig. 593, is made of a top plate cut to the desired shape 
and this is supported by a vertical plate bent to conform to this shape 
of any form such as round, hexagonal, etc. The cover plate is welded 
on the inside of the vertical plate and then the boss is welded in 
place. It may be advisable to place a spacer such as a pipe section 
between the cover plate and the main part of the base to make 
it easier to insert the holding down bolts. In other cases it may be 
advantageous to make the hole in the base considerably larger than 
the hole in the cover plate so that the foundation bolts may be readily 
moved about and any variation in their location taken care of by 
the base. A further and perhaps similar modification of this would 
consist of an angle welded as shown in Fig. 595. This type of boss 




permits the use of a continuous oil drain a flat strip formed on a 
bending brake to the indicated shape and welded in place, entirely 
around the base. 





Bearings. — Bearings may be considered as a modification of bosses 
but are of much more importance in the successful operation of a 
machine because the bearing is the point at which the load is takeiu 
In general it must be so designed as to take the load and transmit 
it to supporting members of the machine. 
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The simplest bearing is pipe placed on a flat supporting member 
and welded thereto, Fig. 596. Where the bearing must be raised con" 
siderably above the support a pipe supported by a block (Fig. 597) 
may be used. This block may be shaped to give a good appearance 



Fig. 596. 

or it may be merely a rectangular shape. This involves more welding 
than Fig. 596 but it does not require raising the support as a whole. 

Another type of bearing consisting of two plates welded to the 
support (Fig. 598) is used frequently in cases where levers are involved. 
Simple and easily constructed, the bearing may be made of plates cut 
to the desired shape. 

A modification of the bearing shown in Figs. 596 and 597 is 
shown in Fig. 599. This consists essentially of a split tube with plate 
stiffeners on the side and bosses at the split for obtaining a slight 
variation in the diameter of the bearing. 




Fig. 597. 


Fig. 598. 


Split bearings, where the bearing cap must be removable (Fig. 600) 
consists of a plate bolted to the machine. To this is welded the lower 
half of the bearing. The top or cap is bolted to the lower half. 
The blocks, shown rectangular, may be modified as to shape to meet 
the requirements of the design. 
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Where a relatively small bearing, or an inexpensive type is needed 
which must be braced in a line parallel to the support, two types of 
bracing are shown m Fig. 601 a single brace in the center of the 
bearing used for relatively short bearings or braced at the ends for 
longer bearing. 

It should be kept in mind that the loads which the bearing has 
to support and transmit can be taken care of by welding the bearing 
to the supporting member at extremely low cost and that the location 
of the bearing is not governed by any conditions other than the re^ 
quirements of the design. Stiffeners and connection plates may be 
so located and so welded to the other parts of the machine as to give 
excellent design with low cost. 

Fig. 602 shows bosses in a gear case. The lines of force are taken 
care of by placing these stiffeners or braces or ribs directly in the line 
of the lines of force so that the stress which is coming on any one 
of these is amply taken care of. 

In the detail of a machine base (Fig. 603), the load is carried 
by means of stiffeners from the point of application through to the 
ultimate support. 



Fig. 602. Fig. 603. 

Levers. — The general application of levers is varied and covers 
a great number of items. The arrangement of a leverage system may 
be very complicated or it may be exceedingly simple, but in the final 
analysis it all comes down to a question of a combination of simple 
levers. 
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The lever shown in Fig. 604 is a very common type, generally 
keyed to a shaft so it may be used in either or both directions. A 
piece of flat stock, shaped for appearance and with boss or bosses 
with a keyway to fit the shaft is required. Bosses may not be neces" 
sary, the amount and type of the load determining their use. 



Another lever (Fig. 605) of the same general type designed to 
meet certain limiting mechanical dimensions is more expensive, as 
it is made up of a number of parts welded together. The appearance 
of the simple lever has been greatly improved. 

In some cases a lever (Fig. 606) to resist unusual forces, consists 
essentially of a tube or pipe, around which is fitted some flat stock 
which has been punched at one end and bent (these operations 




occurring after it has been cut to shape). The lever symmetrical about 
the center line has considerable stiffness in both directions. This 
lever, easily may be modified for operation (Fig. 607) where the point 
of application is not in the center line with the two points of support. 



Fig. 608. 


Fig. 609. 
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Fig. 611. 



Fig. 612. 


vr^T5-d 



There are many different types of foot levers and pedals. Perhaps 
the first type of pedal that comes to mind is that used on automobiles 
for operating brake or clutch. This very common type is also used 
on various machines. Welded steel construction lends itself to the 
peculiar shapes required for foot levers or pedals (see Figs. 608 
and 609). 

The foot lever, (Fig. 610) a modification of lever previously shown 
consists of a plate mounted on top of a T-section, welded to a short 
piece of tubing. It may be further modified by adding a plate for 
additional strength and stiffness (see Fig. 611). 

The design of Fig. 611 may be simplified by using fewer parts, 
(Fig. 612). Plates are shaped to the desired dimensions and assembled 
as indicated. 

A lever for a broaching machine, (Fig. 613) is made up of a 
plate cut to shape and sh;e, two bosses, and foot plate welded to the 
lever arm itself. This is a relatively simple lever and it has good appear- 
ance. Rounding the comers may improve further the appearance. 

Another type of lever (Fig. 614) consists of a rather long, heavy 
plate cut to shape and sise. Through its center is a bearing or boss 
applied as discussed previously. On each end of the lever arm is 
placed a smaller plate for a foot pedal. This, a very effective lever 
permits a certain amount of variation in the dimensions so that it may 
be fitted to the liioits of the ipachine. 
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A bell crank, very similar to the lever shown in Fig. 613, is 
illustrated by Fig. 615. It may be cut out of plate to size and shape 
and bosses applied. 

A rather simple lever arm (Fig. 616) consists essentially of bars 
joined together by welding, giving a rather neat appearance and 
fairly good strength. The wide supports at ends may throw bending 
into the center piece and it may be necessary to stiffen this. 




Fig. 616. 
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Fig. 617. 


This may be done by a T-section for the connection of these end 
pieces, or another bar on top of the connection to give an effect of 
T-section, see Fig. 617. 

The modification of the details shown indicates very clearly the 
ease with which changes may be made to meet the different design 
requirements. 

Interesting details of arc-welded construction of levers are shown 
in the operating mechanism of a large butterfly valve (Fig. 618) built 
for installation in the piping arrangement of gas making machinery. 

The upper arrow in Fig. 618 points to a more complicated form 
of lever than discussed previously. It consists of one piece shafting 
and four pieces of rolled steel plate (Fig. 619). The piece of shafting 
is drilled and keyed to fit the valve shaft. The plates, welded together 
forming the two arms of the lever, are slotted at one end and machined 
at the other end to fit the shafting, then welded to the shafting to 
form a lever with two parallel arms with open slots. 
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Fig. 618. 


Fig. 618 shows a pin operates in the slots in the levers’ arms. The 
pin moves in straight line in a horizontal plane, consequently up and 
down in the slots of the arms of the lever. The shaft through the 
top part of this lever connected thereto by a key, which results in 
the transmission of a reciprocal motion of the operating mechanism 
to a circular motion of the shaft. To obtain sufficient bearing surface 



Fig. 619. 



at point of contact of the pin with the lever, two plates are welded 
together. 

Another detail (Fig. 618), consists of two pieces of round bar 
stock drilled, and a piece of plate; the three parts being arc welded 
together, (see Fig. 620). 

Clevises and Pins. — Clevises often used with pin connections in 
lever mechanisms may have screwed connections as a means of adjust' 
ment for the leverage system. Usually forged or cast clevises have 
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screwed connections. When provision for adjustment of the lever 
mechanism is not required a forged or cast steel clevis may be easily 
arc welded to a lever without machining operations of drilling, ream- 
ing and threading either clevis or lever for the connection. A typical 
connection of clevis with lever is shown in Fig. 621. Another advantage 
of the arc*welded connection is that the lever bar may be smaller 
in section because its effective sectional area is not reduced, no thread* 
ing being required for the arc*welded connection, Fig. 621. A saving 
in material and weight is thereby effected. 




Fig . 621. 


Fig. $22. 


A clevis may be formed by bending a piece of flat bar stock into 
U*shape (Fig. 621). A threaded connection to the lever bar may be 
provided without drilling, reaming or threading by the simple ex* 
pedient of welding a nut to the bottom of the clevis, (Fig. 622) which 
drilled (not threaded) to allow extensive adjustment of length of lever. 

Two pieces of plate, parallel, on opposite sides of a lever bar of 
round or flat sides form a simple clevis. The welds, placed as indicated 
in Figs. 623 and 624, illustrate an important fundamental: i.e., welds 
should be placed transverse to direction of lines of force where pos* 
sible, as they are stronger in this position; however, where it is im* 
possible to so place the welds, they may be placed parallel to lines 
of force but should be of larger section or longer than required for 
transverse welds (see Page 66) . 
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Fig. 624. 


Types of clevises similar to the one in Fig. 623 are illustrated in 
Figs. 616 and 617. Where clearances will permit, it is unnecessary to 
round the comers of the wings or legs at the open end of the clevis. 
Improved appearance is obtained but at an increase in production cost 
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Another design of clevis (Fig. 625) consists of three pieces of 
plate assembled and welded. If a threaded connection with lever 
bar is desired the center piece of the clevis may be a nut. 

Pins for connections in leverage systems may be made by arc 
welding a head to a piece of round bar stock. Varied types of pins 
can be made in this manner. A bar welded to one end of a round bar 
(Fig. 626) is adapted for use where service is not heavy. 



Fig. 625. Fig. 626. 


Another type of pin, a heavy washer welded to a round bar for 
a head is illustrated in Fig. 627. 

A third type for heavy service, employs an overside nut as a head. 



Fig. 627. Fig. 628. 


(See Fig. 628.) The nut should be of such site as to slip over the 
bar which is not threaded. 

Crankshafts. — A rapid, inexpensive method of making crankshafts 
is available through the use of arc^welded construction. The follow^ 
ing examples demonstrate the flexibility of this type of construction. 

An extended crank (Fig. 629) consists of two pieces of shafting 
welded together. This may be machined as shown in Fig. 630. 



Fig. 629. 630. 


A crank between two bearings is indicated by Fig. 631. A crank 
of multiple throws is shown in Fig. 632. 



Fig. 631. 


Fig. 632. 
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Where a greater throw is required a piece of plate may be used 
as the connecting member between the pieces of shafting, (Fig. 633). 
Fillet welds only may be used as shown or the crank plate may be 
drilled to receive the shaft and the joint thus formed welded. 




Fig. 633. 

An arc-welded crankshaft of the type illustrated by Fig. 633 is 
shown in the photograph, Fig. 634. The application of this same . 
crankshaft to a triple gate valve mechanism is also shown. 



Fig. 634. 


Where counter balance is required, the crank plate may be so 
shaped in regard to area and weight distribution, to give the required 
counter balancing. Additional weight may easily be added by welding 
required additional material to the crank plate (Fig. 635). Exact 
weight then can be obtained by depositing weld metal on the crank 
plate. 
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From the brief suggestions, the possibilities of arc-welded crank- 
shaft construction may be easily visualized. With this method of 
construction only a few stock parts are required for making a great 
variety of crankshafts, for low cost and minimum expenditure of time. 

Cams and Eccentrics. — As a further illustration of the simple parts 
which can be made of steel, a cam, eccentric and gear arm brackets 
are shown. 




At tirst glance the cam of Fig. 636 it may look difficult to make 
of welded steel. A little study shows that the cam is an assembly of 
parts — those shown in Fig. 637: a piece of bar stock, properly shaped 



Fig. 639. 



and welded, a piece of tubing with a keyway cut in it for the shaft, and 
a smaller piece of bar stock to hold the parts in place. These parts 
joined together make the completed welded steel cam shown in Fig. 638. 
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With the cam as a starting point, it is easy to make the eccentric 
(Fig. 639) of arc welded steel — the same way as the cam — from 
standard steel parts. The parts (Fig. 640) are a piece of bar stock, 
rolled and welded to form the outside ring (as in the case of the 
cam), a length of standard tubing, cut and slotted for the keyway, 
and three pieces cut from bar stock for spokes assembled and welded 
together, make the completed cam shown in Fig 641. 



A part requiring two internal contacts, instead of an internal and 
an external as in the case of the cam and eccentric, is the compound 
gear arm shown in Fig. 642. The method of making the arm is the 
same as for the cam and eccentric. Standard materials (Fig. 643) a bar 
cut, bent and welded to form the link, and a piece of tubing for the 
circular support welded together, make the completed steel gear arm 
(Fig. 644). 

The cam, eccentric and gear arm are assemblies composed of bar 
stock and tubing. These, the simplest of elements, are what arc 
welding starts with. 

Brackets. 1 — The purpose of a bracket may be to serve as a direct 
support for load, or it may involve a rather complicated arrangement, 
of loading. 




Fig. 645. 


A simple bracket (Fig. 645) has two parts — a support at the 
point of load application, (shelf A), and a stiffener member under' 
neath (part B). This type of bracket is suitable for a direct loac 
of rather low value. 
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A bracket (Fig. 645) suitable for somewhat heavier loads is made 
by using a member of the type shown at lower right, Fig. 646, in place 
of member B, Fig. 645. This is composed of two plates B and C 
to form a T section. A bracket of this type provides a considerable 
increase in stiffness over the type shown in Fig. 645 and is used 
for supporting a direct load acting downward. 

The brackets shown in Figs. 645 and 646 are used extensively 
in more or less simple applications in machinery construction. Load 
conditions in machines are usually more complicated. 

In applications where some loading thrust is at right angles to the 
web, the requirement is met in either of two simple ways: Either 
the plate A in Fig. 645 is made wider or plate C in Fig. 646 is used. 
The latter method provides greater resistance to the loading conditions 
mentioned. 

A bracket suitable for taking care of both side thrust and downward 
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METHOD TOR CUTTING PARTS FOR 6RACKET 



thrust is shown in Fig. 647. The former is taken by plate A and the 
latter by the two plates B and Bi. Members B and Bi may be T 
sections as in Fig. 646. 

Fig, 647 shows how simply the bracket is made by welding. 
Members A B and Bi are cut to desired size from standard plate 
of required thickness and welded to the supporting surface. Member 



482 


PROCEDURE HANDBOOK OP ARC WELDING 


C is a channel cut to proper length. Then the surface of C is located 
and C is welded in position. This type of construction allows C to 
be moved in or out, or up and down, to permit adjusting dimensions 
so they bear the correct relation to the other parts of the machine 
to which A, B, Bi and C are attached. (Note: All these parts are 
square cuts as shown top Fig. 647) . 

Fig. 647 illustrates a plan for making a bracket to meet given 
load conditions. The bracket shown is by no means the limit of 
possible arrangements. Parts A, B and Bi may be flanged, part C may 
be in one piece, as a channel, or several pieces welded together. 

A considerable variety of combinations of parts can be worked 
out for making brackets due to the flexibility of arc welded assembly 
and the ease it permits in making adjustments. 

Fig. 648 shows an operating rod. Note the easy lines, the rather 
gradual change from one section to another; and how the support 
and load are connected together. 



Fig. 648. Fig. 649. 


The reel (Fig. 649) is made up of a tube and end plates with ribs 
or stiffeners so placed that when considerable pressure comes on the out- 
side or rim of the flanges, this reel is wound up with rope or cable, 
the stiffeners are in position to take this thrust. They are in direct 
line connecting the point of application of the load with the point 
of support. The boss of Fig. 650 is placed on the web of the channel 



Hg. 650. 


Fig. 651. 


WELDED STEEL CONSTRUCTION— MACHINE DESIGN 485 

and this channel is supported by another channel, the vertical channel 
ribs carried straight through to the final point of support. Cross bracing 
is obtained by the use of the plate. Due to the position of the hand 
hole, it was necessary to bring the points of support over to the side 
as shown by the plate. 

Fig. 651 shows how a stiffener effect may be continuous through 
a member. A plate and the web of the smaller I-beam are so combined 
that there is no interruption in the lines of force. 

Assembly of Welded Parts. — Subassemblies and complete assem- 
blies of a variety of welded machine parts are shown on the following 
pages. These examples illustrate how easy it is to fabricate by welding. 
They show the high degree of designing freedom made possible by 
the variety of available shapes and sections. They illustrate how load 
and service requirements may be met readily with designs which are 
of relatively light-weight, rigid construction and pleasing appearance. 

These examples are details of actual machines, formerly of cast 
iron construction, which have been designed for welded steel fabri- 
cation. 



Fig. 652. A pedestal of good appearance. Note the simple box-like construction and 
how readily additional ribs may be placed. 
















Fig. 666. Where loads are heavy and substantial column support Is required, this 
design is effective and economical. The top member is made from an I beam with 
the web cut as shown. The stiffeners are smaller 1 beams split down through the web. 
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Fig. 667. A base detail. The design shown at the top can be given greater stiffness 
by the addition of a plate, either in the front or in the back as shown. 



Fig. 668. A simple, light weight base design. (Only one end is shown.) The ma- 
terial is light gauge. This box like construction provides exceptional strength and 
makes possible a design which can be modified readily to suit the application. For 
example, it may be designed as shown at the right to provide a rounded surface ior 
pleasing appearance. 





WELDED STEEL CONSTRUCTION— MACHINE DESIGN 495 





Fig. 670. An assortment oi designs of a support column to be welded to the side of 
a machine. (A) is not a particularly pleasing appearance. A cap over the top of the 
channel as shown in (B) improves the appearance. Another approach, with a slight 
taper of the channel is shown in (C). In (D) both ends of the flanges are tapered. (E) 
shows the same design with the flanges turned inward. 



Fig. 671. This sketch shows how a functional design can be modified slightly for 
improved appearance. Functional design embodies an I beam structural member and 
plate siding. Streamlining effect is obtained by welding two bars to the plate alongside 
the fiange of the I beam as shown. 
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Fig, 672. A suggestion for improving appearance of a base detail. This low-cokt 
refinement is obtained by cutting and bending bars and plates as shown and welding 
them to the web of the main channel member. 



Fig. $73. An effective comer brace made from channel split along the flange into 
two tapered pieces for a low-cost design. 
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Fig. 674. Detail oi the end of a base welded from formed plates shaped into channels 
for a rigid, light, strong construction. 



Fig, 675. Detail of a base corner showing how a lifting hook can be applied. Note 
the simplicity of this construction. 



Fig. 676. Corner of a base for cabinet made from standard shapes and plate. A 
vertical angle provides an excellent stiffener so, that the siding can be made from 
relatively light material for lower cost. The bottom rim is an angle .with the flange 
cat out at the comer and rounded to shape. 
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Fig. 689. By using o square shear and bending brake these parts era be prepared 
for the support shown. Scrap loss is negligible with this strong, light weight con- 


struction. 
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Fig. 695. A bearing support of simple construction comprising flame cut and shear 
cut plate assuring good appearance / light weight and low cost. 



Fig. 696. This support includes an insert in the top surface which can be especially 
machined. This assembly provides an exceptionally strong, rigid construction. 


Complete Assemblies. — As illustrative of the use and application 
of the various items and subjects previously discussed in reference to 
welded fabrication, several complete assemblies are shown involving 
the use of the basic units, and elements. 

In designing a base or support for special equipment, the require" 
ments were that it be rigid, of minimum cost and simple to fabricate. 
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Fig. 697. An interesting support mode from plate, cut and bent then welded. Layout 
of the plate is shown at the right. This plan may be used for a wide variety of 
similar designs of many shapes and sizes. 



Made of rolled steel (Fig. 699), the supporting elements have maximum 
rigidity, are readily prepared (sheared and bent) and fabricated. The 
elements are all readily accessible for welding. Note the simplicity of 
the design — a bent plate with web plate inserted. The result is a 
simple, neat-appearing, rigid base, (Fig. 700). 

Following the same general design, i.e., a web and flange con* 
struction, the parts for a press frame (Fig. 701) are made of rolled 
steel plate, flame-cut and bent to shape. The rib, or w£b, laid out 
and cut from mill stock so that minimum of scrap will result. Note 
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Fig. 699. 



Fig. 701. 



the clearance below the bed-plate and the hole in the plate to allow 
parts to extend through, (Fig. 702.) 

The assembly of base and frame (Fig. 703) shows how the web 
of the base and the web of the press line up — how easily changes 
in the design may be made to meet special requirements, and how rigid 
and strong the entire assembly is. 

The initial development of another example along the same lines 
(Fig. 704) all parts made from the same size: channel, using plates 
bent to shape for support, with web plates to give stiffness are assem- 
bled as shown in Fig. 705 results in a base with resistance to twisting, 
exceptional strength, constructed easily and at a low cost. 

The next part of this assembly is a frame, the parts of which are 
shown in Fig. 706 is intended to resist a tension load between the 
end channels. There is a force tending to push the channels apart. 
Consequently the side members are made of bars. In order to get 
certain equipment or accessories in place, channels are used as the 
end members (Fig. 707). 

All parts are square'- cut from rolled sections and are effectively 
placed, resulting in a strong, low-cost frame. Base and the frame, 
are shown assembled in Fig. 708. Two side bars are welded on the 
frame, permitting the frame to be moved so the point of application 
of the load may be at any point along the base. 

The complete assembly shows why the base was made so strong — 
with rather light feet. All of the load is between the frame and base, 
the legs supporting the weight of the parts. 

This press costs little to build because its design is simple, no 
material is wasted, and it is welded. 

What appears to be a direct substitute of steel for cast iron may 
actually be a good design. Then, too, the design limits may be some- 
what fixed or restricted as when the part must fit in with other parts. 
For example, the load, its intensity and direction as well as the space 
available may be fixed by conditions entirely apart from the design 
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of the particular part. Or the space may be limited and the load 
requirements increased. 

Such is the case illustrated in Fig. 709. Here a casting, weighing 
500 pounds, must be replaced. The dimensions are fixed. Weight 
is an important factor and increased service life (nearly double that 
of the casting), is required. 
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Study the casting carefully. Note that it is well designed- — con* 
ventional, perhaps — but nevertheless, there is not a great deal of 
excess metal. It is comparatively simple to visualise the part made 
in welded construction. However, the problem should be given con" 
siderable thought in order that the component parts may be as simple 
as possible and therefore low in cost. The statement that welded con" 
struction starts from rolled plates must be kept in mind. (See Fig. *710.) 

The top and the feet are, of course, made of bars cut to required 
length. These are reasonably heavy because they are points of at" 
tachment of other equipment. Structurally the shape is an I, as to 






Fl g. 710. 


Fig. 711. 


cross section, but specially shaped as to depth. This suggests a web 
plate between two flanges. This major web plate is cut to shape, 
holes being cut into it to reduce the weight. The flanges are of 
straight, square"cut plates or bars. Because certain clearances have 
to be maintained the web is cut away and the flange is carried along 
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this cut by means of a bent plate. This completes the major part 
of the design. To stiffen the whole assembly, and to carry the load 
from upper plate into the base plates, two stiffeners are placed from 
center of upper plate to lower flange. 

The simple square-cut parts — nine of them (Fig. 710) — one bent 
to form the lower flange, result (Fig. 711) in a welded structure 
which has twice the load capacity of the casting, no increase in weight. 
Cost welded is less than casting. In cost of load capacity and service 
life, a really remarkable result is attained. 

When special or experimental machines are required, the limits 
are usually dimensions and increased load. Generally, only one part 
is needed. Pattern cost is an item of considerable importance. 




The general shape of casting for a special bracket for an experi- 
mental machine with requirements of two bearings at right angles to 
and some distance from each other and an attachment for some special 
operating devices between the bearings is shown in Fig. 712. A bearing 
at the top suggests a tube, connected to the longer bearing at the 
bottom by a strap. The lower bearing, a tube, may be the same size 
as upper. 

The tubes furnish considerable stiffness, the upper being attached 
to the bent bar by means of two small plates. To increase the stiffness 
and ‘provide a support for the operating devices, an angle is used, 
connecting the two sides. Note Fig. 714, first of all the very low 
scrap, the low cost of forming the component parts and the relative 
ease of assembly resulting in very stiff, light construction at low cost. 

Both examples show the freedom of welded design, even when 
restricted by space or load conditions. Welded construction starts 
from rolled shapes. 

In the application and use of welding, as applied to the fabrication 
or manufacture of parts or machines, whether they be machine tools, 
road machinery or just simple bases, a very complete and intensive 
study of the relationship existing between several machines of the 
same kind, as to load requirements and size, will usually result ip a 
very economical application or use of welding. 
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A fairly large base supporting several machines, or parts of 
machines with parts not all the same size and varying as to plan 
and relative positions is shown in Fig. 715. The machine shown is 
a two-speed skip-hoist which was re-designed for arc welding and is 
now manufactured of steel arc welded. The hoist consists of several 
parts, including the winch and brake, supported on one base. The 
arc welded construction of the sub-bases for motor and brake can 



Fig. 715. 


readily be seen. The pads for supporting the various parts of the 
mechanism are made by arc welding flat stock to the cover base of 
the plate. 

In working out the design of a machine in which one base supports 
several parts, the parts are to be studied as to their shape, plan and 
elevation. The plans are studied in relation to each other and are 
arranged as to size. Then they are arranged as to elevation, the eleva- 
tions being taken from the surface of the main or supporting base. 

Then these two, the arrangement of plans and the arrangement 
of elevations, are compared and it may be found that quite a number 
of plans of about the same size are at about the same elevation. The 
resultant classification will probably fall into several general groups. 

To summarize, then, the problem is to construct what might be 
termed “spacers” of several different heights and of different sizes. 
It is necessary that these be economically constructed, easily and quickly 
assembled, and easily stocked so quick delivery can be made. A study 
or illustration of a specific case will illustrate the method and indicate 
the way to low cost and efficient welded construction. Fig. 716 il- 
lustrates the component parts and the assembly of these parts as the 
“spacer.” , / • - s ? 

Within reasonable limits the top plate may be varied, as to dimen- 
sions. The elevation may be taken care of by changes in the supporting 
plate dimensions. »: * , 

The design as shown can be changed easily as to dimensions. 
When it is used on main base to permit alignment of machines of 
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different heights, the width, length and height may be readily varied 
at low cost. 

The "spacer" in Fig. 715 is rather wide and low, while the middle 
one is narrow and high. Even with the great difference in dimensions, 
their appearance is symmetrical, and because of this symmetry the 
machine as a whole gives evidence of design and thought. 



The obvious simplicity of the "spacer" design contrasts rather 
sharply with what appears to be a somewhat complicated gear case 
shown in Figs. 717 and 718. Fig. 717 shows the component parts 
and Fig. 718 the parts assembled by welding. A study of this case 
will show, however, that the component parts are very simple. 

All welded design starts from simple elementary parts as plates, 
bars, etc. A rather casual inspection of Fig. 717 shows the simplicity 
of the parts. The support plate (not shown) is just a solid plate. 
The end plates are just rectangular plates as are the top and sides, 
with holes suitably placed. The rest of the parts are bars, obtained 
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by cutting bar stock to required sizes. In two cases of the parts shown 
it is necessary to treat further. In one case the bars are bent (for 
the bearings); in the other case, the parts are tapered (for the 
stiffeners) . 



Fig. 718 


The assembly of the parts into the final gear case is relatively 
simple. True, there is quite a number of them, but note that in all 
cases, the surfaces being attached are flat against each other and at 
right angles to each other, making for easy assembly, jigging and 
clamping. 

A study of this design and fabrication indicates the ease, the 
accuracy possible, the low cost, and the service life available with 
welded construction. The study also suggests, in a brief way, how 
to attain these highly desirable results. 

Conclusion. — These examples of details, subassemblies and com' 
plete assemblies have shown the relative simplicity of welded design — 
and how efficiently it can be used to provide improved quality of 
performance and lower cost. Other examples are shown on Pages 854 
to 889. 


SUMMARY 

In the foregoing discussion of machine design, the advantages of 
welded fabrication have been pointed out and the procedure for 
obtaining those benefits has been presented, a step at a time. 

Suggestions have been given on how to organize and equip for 
welded fabrication. Experience has shown that it is advisable to 
appoint a man of authority to supervise and promote welding develop' 
ments. Modern production methods and equipment contribute to 
the success of a welding development program. 

A study has been made of the relative properties of the materials 
used for machine design — cast iron and rolled steel. 

It has been pointed out that for greatest simplicity the problem 
of machine design should be approached on the basis of one part 
at a time. These parts can be classified into these groups. 
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1. Bases 

2. Covers 

3. Containers 

4. Wheels 

5. Auxiliary parts 

A discussion of the various classifications of parts is given. 

The problem of design has been analysed and divided into three 
methods (1) Direct replacement (2) Conventional (3) Precise; and 
each of these has been described and illustrated with practical examples. 

Following the explanation of how to design, a discussion has been 
given of the elements (shapes and sections) which are used to produce 
the desired results. 

Finally, actual examples of finished results are given. These welded 
designs include a wide variety of details, sub-assemblies and complete 
assemblies taken from actual machines which have been designed for 
welding. Additional examples are given in the Application Section 
on Pages 854 to 889 which show case studies of welded design and 
point out the benefits — improved performance and lower costs — de- 
rived by users and manufacturers. 

A rule-of-thumb for success in welded design might be stated 
as follows: 

Forget about the former design of conventional construction. 

Design to meet functional requirements, using to fullest advantage 
the new material and the many available shapes and types of steel. 

A typical result of this approach is illustrated in Fig. 719. 
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Fig, 719, Result ol designing on addressing machine tor functional 
requirements with welded steel. Above: The former design employ- 
ing cast iron parts extensively. Below: The new welded steel design. 
Addressing arm of fabricated box section has much less deflection, 
assuring better results. 
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PART VII 


DESIGNING OF ARC WELDED STRUCTURES 

Design is all-important for it affects the costs of fabrication and 
erection, at the same time determining the amount of material required. 
The designer must therefore take full cognisance of the material, time 
and labor required to reproduce and erect his designs in steel. It is these 
economic factors which determine the advantages of one type of design 
over another, assuming that both types of design fulfill the physical 
requirements. 

The ingenuity of steel-fabricators, better equipment, and vastly im- 
proved methods and shop practice have produced extraordinary develop- 
ments within the past two or three years. Where, formerly, only odds 
and ends were habitually welded, shops now welcome quantity pro- 
duction in structural welded work and handle it very well and expedi- 
tiously. They are well equipped to fabricate pressure vessel work under 
the most rigid inspection requirements, and this personnel and equip- 
ment are at the service of owners and engineers who now wish to avail 
themselves of the benefits and savings incidental to the use of arc-welded 
steel construction. 

Fundamental Advantages of Arc-Welded Design Over Riveted 
Design. — Extreme simplicity is a fundamental advantage of arc-welded 
design. This simplicity is attained because arc welding joins two mem- 
bers directly to each other without use of a third or connecting member; 
whereas to join two members by riveting usually requires an additional 
member. Fig. 720 explains this graphically. This advantage is respon- 




sible for a greater or lesser saving in designing and detailing. It should 
be borne in mind, however, that regardless of the simplicity of arc- 
welded design the stress at every connection must be accurately calcu- 
lated and the required amount of weld metal specified. 

The chief economy of arc-welded design is due to the fact that it calls 
for less material, witness the comparative illustrations given previously. 
For almost all ty|>es of connections, the arc-welded design is more eeo- 

Note: Most drawings used in this chapter are for illustrative purposes only. 
For simplification, A.W.S. Symbols (see Page 44) are omitted. 
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nomical in material requirements. Trusses properly designed for arc 
welding require practically no gusset plates. Because the electric arc 
fuses one member directly into another, an entire structure so fabricated 
actually is and acts as a single member. For this reason arc-welded design 
usually permits the use of lighter members than a riveted design. A 
saving in steel results for arc-welded design which averages approximately 
15% for buildings so designed to date. In the case of arc-welded mill 
buildings containing a large number of trusses, the saving in steel often 
amounts to as high as 25%. 

The simplicity of arc-welded design means more than the saving of 
weight and material. In the fabricating process it is apparent in a 
different form. 

The handling of material is a large item in the cost of shop fabrication. 
Naturally the fewer pieces and the less weight to handle the lower the 
fabricating costs. With this in mind consider now the comparative 
examples of arc-welded and riveted design which were cited previously. 
To make the riveted connection, requires the handling of three pieces. 
The arc-welded connection calls for the handling of only two pieces. 
To make the riveted connection holes must be punched in all three mem- 
bers. No punching is required for the arc-welded connection. The 
punching also involves more laying out. Three separate operations and 
two different machines are required to make the riveted connection. 
The arc-welded connection requires only two operations and only a 
welding machine for equipment. 

From the above comparison of a fundamental detail, some of the 
fabricating economies of arc-welded design are readily apparent. 

By use of the proper arc-welded design much of the handling of the 
main members can be eliminated. Instead of punching main members 
for temporary bolted field connections small clip angles or plates can 
be punched, carried to, and arc welded to the main members for such 
connections. Details of these connections are given later under their 
proper headings. 








Pig. 721. 
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Ingenuity in designing simple details such as those described above 
results in substantial saving in shop fabrication and in erection in the 
field. 

Column Base Plates. — The accompanying illustrations. Fig. 721, 
show typical details of arc'welded column bases. Note the simplicity of 
the designs for arc'welded fabrication. 

Illustrations A and B are designed for cases where column and base 
plate are erected separately. The angles are shop welded to the column 
and column field welded to base plate after erection. The design, C, is 
becoming the standard of fabrication for light columns. In such cases 
the base plate is first punched for anchor bolts, then shop welded to 
column. 

Column Splices and Connections. — The following details of column 
splices show various types of designs which eliminate punching of the 
columns. Note that these details require only handling and punching 
of small pieces of angles or plates which are easily carried to, and 
welded to the columns in the shop. The details provide for temporary 
bolted connections in the field prior to making the permanent welded 
connections. 

Fig. 722 shows a splice for light columns. Angle a is shop welded 
to the lower column and angle b to the upper column. The outstanding 
legs of both angles, having been punched and carried to the columns prior 
to welding the two column sections, are readily secured together by bolts 
serving as a temporary field connection until the permanent connection 
is made by arc welding the sections together along the line c. 
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Fig. 722. 
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A splice for heavy columns is shown in Fig. 723. Two small plates 
are punched with holes aligned as indicated. They are then carried to 
the column sections and welded thereto. In the field the column sections 
are bolted temporarily prior to welding, as indicated at c. 

Another detail of column splices is illustrated by Fig. 724. It applies 
particularly to cases where upper and lower column sections are of the 
same sise. Four plates are punched, then welded between the flanges of 
the two column sections as shown, leaving enough space between the 
back of the plates and the column web to insert a wrench. Two splice 
plates are also punched and welded to the lower column section before 
shipping to the erection site. After bolting in the field as indicated, the 
permanent connection is made by welding. If flange splices are added, 
as indicated in the figure, the full bending value of the column is readily 
developed. 




WELD 


SPLICE 


Fig. 724. 
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Free End Connections — Beams to Column Flanges. — The most 
direct way of framing a beam to a column is to land the beam on a seat 
attached to the column and to secure the beam to that seat. Various 
methods of attaching beams to column seats have been used, such as, 
tack welding, clamping, hooking and bolting. Tack welding is unsatis- 
factory because it does not make allowance for plumbing the building. 
Clamping beams to column seats is not always safe. Hooking, that is, 
providing a shop welded clip angle on the bottom of the beam, which 
clip engages a slot in the column seat, is a newly proposed erection 
method which appears to have merit provided such connections do not 
require spreading the columns to erect the beams and that due allowance 
is made for “creeping” in order that successive column tiers may be 
erected plumb. Bolting has been found, so far, the most satisfactory 
method of attachment prior to plumbing and final welding. 

Bolting a beam to a column seat may be done indirectly or directly. 
Indirect bolting is shown in Figs. 725 and 726. The purpose of indirect 
bolting is to avoid punching the beam. This is accomplished by arc 
welding a connection plate to the bottom flange of the beam. This plate 
is bolted to the beam seat shop welded to the column, as illustrated 
herewith by Fig. 725. 




TO BLAM 
TO COLUMN 


The connection shown in Fig. 726 suits beams which are not fire- 
proofed* while the one shown in Fig. 725 is concealed within the usual 
fireproofing limits and is adaptable to any tier building. The bottom 
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flange of the beam is notched a little, either with a flame cutter or by 
means of a coping attachment, to permit setting the bolt close to the 
beam inside the fireproofing lines. 

Direct bolting consists in punching the lower flange of the beam so 
that the connecting bolts which secure the beam to the column seat pass 
directly through the beam flange. After the beams have been erected 
and the frame plumbed, the beams are field welded to the column seat 
in either case. The method adapted to a particular job depends on the 
layout of the fabricating shop, the weight of the beams and on the num' 
ber of holes required. If the beams are heavy, it is often desirable to 
bring the tool to the material rather than the material to the tool. A 
portable drill suspended over the welding skids is worthy of consideration. 



SECT O-O. 



The largest shop cost item is handling. That cost is reduced to a 
minimum when the beams come from the yard or the shears directly to 
the assembly and welding skids and thence out to paint; while the 
columns are routed to the assembly and milling, thence to welding and 
then to painting. A very large number of beams in almost any tier 
building can be erected with just two holes in the bottom flange at each 
end, or a punched plate at each end if indirect bolting is used. 

Fig. 727 shows four types of column seats. The upper one is a com- 
mon angle clip. As the beam load has the tendency to bend down the 
outstanding leg, the heel of the angle should be welded to the column. 
To do this, a small electrode must be used and the beam’s length must 
be such as not to ride the fillet. Such a seat has a relatively small carry- 
ing capacity, but suffices for lightly loaded beams and for column stays. 
The second seat is the one much favored by fabricators. The sides of 
the angle are welded to the column and the welds are returned around 
the top corners of the seat. There is no weld opposite the bottom flange 
of the beam. The third seat is made from a large tee, or from a suitable 
beam cut in two longitudinally. This is a strong seat and is adapted to 
numerous connections. When a beam section is used, it is essential that 
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the beam selected be one whose flange is square with the w r eb. The 
fourth type is a large clip angle provided with three stiffeners and four 
slotted plug'welds and may be used for particularly heavy loads. The 
slotted plug welds are used where it is impossible to get enough weld 
metal along edges of angle to withstand load. 



Fig. 727. 
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The various positions of a beam framing to a column flange are illus' 
trated in Fig. 729. In positions A and B, all the beam flange is opposite 
the column flange and the seats shown in Figs. 725 to 728 inclusive, 
apply directly. 



Fig. 729. 


In position C, the web of the beam comes opposite the edge of the 
column's flange. For this condition an angle seat, with or without 
stiffener, Fig. 730, welded on three sides to the face of the column and 
on the back along the edge of the column, is adapted to a wide range 
of loads. 




DESIGNING OF ARC WELDED STRUCTURES 


529 


UHlTi 



Fig. 730. 


In Fig. 731, a seat for the same beam position (C), but with two 
stiffeners is illustrated. One of the stiffeners is a plate just like the one 
shown in Fig. 730, the other is an angle, welded to the column so as to 
resist the twist due to the eccentric position of the angle. The seat 
proper is a plate welded to the top of the stiffeners and to the column 
face. This is a stronger seat than the one shown in Fig. 730, but the 
twist of the angle stiffener should not be overlooked. 
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Fig. 731. 
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In position D, Fig. 729, the web of the beam is not intercepted by the 
column face, but it often happens that a beam in that position may not 
extend beyond the face of the column. If the beam is a light one, an 
angle seat of proper thickness may be securely welded to the column 
flange and allowed to cantilever over far enough beyond the edge to 



Fig. 733. 
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furnish a full seat for the beam. This is shown in Fig. 732. If the load 
is a heavy one, a tee-shaped seat made with two plates, Fig. 733, may be 
employed; one large plate extends across the column, parallel with the 
web and is welded to the edge of both flanges while the other plate 
serves as a seat for the beam. 

It will be noted that the lines of fillet weld shown on the inside of 
the column flanges are hard to make — sometimes impossible; they should 
be avoided as far as practicable. This can often be done by making the 
stiffener plate deeper. 




J>EAT &Top L Connection 

Fig. 734. 


In tier building construction, it is customary to gain as much rigidity 
as possible at column flange connections by attaching the top of the 
beam as well as the bottom to the column face. The top of the beam is 
secured to the column by means of a clip angle. The clip is not intended 
to fix the end of the beam, that is, the beam, when loaded, is expected 
to assume the deflection that corresponds to a free-end beam. This 
deflection causes a rotation of the end of the beam and it is essential 
that the top clip allow the end of the beam to rotate. The value of the 
clip as a stiffening element comes into play only after the deflection of 
the beam has taken place, that is, after the end of the beam has rotated. 

In riveted work, the heel of the clip is free to move away from the 
column face because the rivets holding the clip to the column are placed 
well above the angle’s heel. In welded work, the same flexibility of top 
angles must be provided. This is readily accomplished, as illustrated in 
•Fig. 734, by keeping all shop and field welding well away from the angle’s 
heel. Fillets along the edges of the vertical legs, Fig. 734, are not very 
effective against the pull of the beam. The clip should be secured to the 
column by plug or by slotted welds made through the vertical leg of the 
angle. 

Free End Connections — Beams to Column Webs. — Under this 
classification are included not only beams framing to the column web 
itself but also all beams located on the tfc web side” of the column. The 
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Fig. 735. 
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various positions of the beam framing to the “web side” of a column 
are illustrated in Fig. 735. In positions A and B, the beam entirely 
clears the column flanges. In position C one edge of the beam flange is 
intercepted by the column flange. Position D is similar to C; the web 
of the beam is tight against the .column flange. At E , the beam web is 
directly opposite the edge of the column flange. At F, the beam web is 
entirely beyond the column flange. 

All seat connections of beams located on the “web side” of columns 
may be direct or indirect. Fig. 736 shows an indirect seat angle connec- 
tion for a beam in position A. Care should be exercised to locate shop 
welds so that they will not interfere with erection requirements. In Fig. 
736, the shop welds marked a, attach the seat plate to the beam; if those 
fillets were placed along the edge of the beam flanges, they would en- 
croach on the clearance needed for turning the bolts. The angle seat is 
shop welded to the column at b. The seat plate is field welded to the 
angle seat by means of fillets c. For the relation of sizes shown in the 
figure, if the horizontal leg of the angle seat were welded to the column 
flanges, there would scarcely be room enough left for fillets c — unless 
the beam were notched, as shown in Fig. 725. The horizontal leg of the 
seat angle is not shown welded to the column as its function is to famish 
a means of attachment for the beam; the load is carried by the vertical 
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leg of the seat angle. By placing the angle seat in the position indicated, 
that is, in reverse position to that usually adopted, no stiffener is required, 
the vertical leg of the seat acting as such. 
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A similar connection to that shown in Fig. 736 is illustrated in Fig. 
737. The latter connection employs a clip angle instead of a plate shop 
welded to the bottom of the lower flange of the beam. This connection 
is bolted through vertical legs of the seat angle and clip angle. 

Fig. 738 shows a onesided indirect connection to an angle seat ap- 
plicable to beams in positions B and C, Fig. 735. Because of limited 
space, the seat plate is placed flush with the flange of the beam on one 
side and with the end of the beam; consequently the fillets a connecting 
the seat plate to the beam are located at 90 degrees with respect to one 
another, as shown in Fig. 738. The two erection bolts are located through 
a wide angle seat, on the same side of the beam. Shop fillets b and field 
welds c and d connect respectively the angle seat to the column and the 
seat plate to the angle seat. By increasing the size of the field weld c, 
the flange edge of the beam may be connected to the top of the seat 
angle. 

In Fig. 739, the seat consists of a half I-beam welded to the column 
web. This type of seat will accommodate beams in positions A and B. 
The beam is shown bolted directly to the seat. By making the seat wider, 
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Fig. 738. 


Fig. 799 . 
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the beam may be bolted indirectly through a plate welded to the bottom 
flange of the beam as in Figs. 736 and 738. 

Fig. 740 shows a beam in position C with its web some distance away 
from the column flange, directly connected to a half Tbeam seat welded 
to the column web. The seat is unsymmetrical so as to bring the web 
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Fig. 740. Fig. 741?. 

mi >)> ■ mi, ; , i i ; , . / , i 

of the seat close under the web of the beam and to provide an edge fpr 
welding) at, m. , This connection can be made indirectly by an arrange* 
ment similar to thatshown in Fig. 738. To balance the strength of the 
connection between the seat and the column, the size of the fillet should 
be increased opposite the shorter segment of the seat’s flange. 

. I Bor i^ipO^tionAfOr in position C when the heam web is, quite 
4ose ^) the column flange* a goal connection can be prqvidedby weldiqg 
a half itimm WAo inside of the column flange, as shown in Fig. 741. 
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Fig. 742 shows a stiffened angle seat for a beam in position E. The 
angle is welded to each side of the flange. This is a bad detail: the seat 
angle cannot very well be clamped to the column; the weld marked n 
is hard to reach; the two welds cannot be made without turning the 
column over; finally, the seat is easy to knock off during transportation 
and handling. Such details should be avoided. 

However, a detail should not be condemned just because it requires 
turning the column over, as connections are generally required on sev- 
eral faces of the same column. But special care is then necessary to 
insure that the welding be completed before the column has been turned 
to the next position. 

A good connection for beams in position E is shown in Fig. 743. It 
is made of two plates suitably shaped to remain entirely within the fire' 
proofing lines. The seat plate is notched and welded to both sides of the 
column flange; the stiffener is welded to the edge of the column flange. 
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Both plates are completely welded without turning the column. Such a 
connection can be used to resist a considerable bending moment. The 
projection beyond the face of the column will seldom interfere with the 
connection of a beam framing simultaneously at about the same level to 
the adjacent column flange. 




Another strong connection for a beam in position E is shown in 
Fig. 744. It consists of an angle welded to both flange edges of the 
column and provided with a stiffener plate under the beam. The out' 
standing leg of the seat angle is flame-'cut as shown, to clear the fire' 
proofing lines. This seat is not in the way of beams framing to the 
column flange. 

Fig. 745 shows the same connection arranged to seat a beam in posi' 
tion F. It is evident that this type of connection is suitable for beams 
placed in any of the positions shown in Fig. 735. 
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In Figs. 744 and 745, the seat is placed under the column shaft, 
clamped in place and the fillets marked x made at once. If a fillet y is 
required, it is made after the column has been turned. 

When there is no interference from beams framing to the column 
flanges, a seat such as that shown in Fig. 746 is most satisfactory for 
beams located in position F. This is really a flange connection carrying 
a beam parallel to the column flange instead of perpendicular to it. 

Most free end connections of beams to columns can be, made by 
means of seats. They are advantageous in that they reduce the field- 
welding to a minimum. 

Care should be taken to set all seats square and level so that erection 
bolts will fit the holes freely. , , ; J < , 

All seat angles, plates, tees and other fittings should be cut true and 
be clamped tight so as to exclude air gaps and so as to avoid the necessity 
of building up welds. 
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Welding skids and jigs should always be so located as to avoid inter* 
ference with placing the connections, seats, etc., and clamping them to 
the column shaft. 

Though the connections shown herewith are designed primarily for 
field bolting prior to welding there may be some cases where members 
may be temporarily secured by clamps or other methods which would not 
necessitate punching of members or of details. 


Rigid End Connections — Beams to Columns.- — Rigid end con" 
nections are used either to obtain continuous beam action or else to obtain 
stiffness. These two distinct cases are welded by methods appropriate to 
each case. ; In welding;beam§ rigidly /to columns, attention must be paid 
to the stresses induced by such connections and suitable provisions made. 
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Fig. 747 shows a beam loaded by four vertical loads acting down- 
ward. The loads shown are the only loads acting on the beam. 

Fig. 748 shows a beam carrying a distributed load W acting down- 
ward; load W is the only load acting on the beam. 

If those beams are connected to their supporting columns only by 
means of a seat, they will rock on that seat and bend as shown in Fig. 
749; the ends of the beam, parallel to the columns in Figs. 747 and 748, 
now forming an angle a with the columns. 

If those beams are connected to the columns by a seat and top angle 
connection, as illustrated in Fig. 734, the bending will again be that 
shown in Fig. 749 and the top angle will distort as pictured in Fig. 750. 

If beams carrying vertical loads, as those shown in Figs. 747 and 748, 
are now supported by heavy column sections and securely connected to 
them at points marked x and y. Fig. 751, the bending of the beams as 
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Fig. 748. 



pictured in Fig. 749 will be decreased very materially due to the help 
obtained by forcing the ends of the beam to bend too. This end bending 
is obtained by making the beam, Fig. 751, pull on the column at x and 
push against the column at the seat y. Suppose for a moment that the 



Fig. 750. 
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Fig. 751. 


heavy supporting columns are made of some absolutely inelastic material 
which is totally undistorted by the pull of the beam at x and by the 
push at y: since the beam was level when erected, since it was level when 
securely connected to the column at % and at y, the beam bending due 
to the vertical loads, Figs. 747 and 748, will be as pictured in Fig. 752, 
the ends of the beam being still vertical and parallel to the face of the 
assumed undistorted columns. 



The columns, however, are not made of inelastic material and con' 
sequently the pull at x and the push at y, Fig. 751, does distort them 
as shown in Fig. 753, The ends of the beam are now not quite level; the 
columns are slightly distorted. The ends of the beam are now parallel 



Pig. 75«. 
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to that portion of the columns located between x and y. The stresses at 
the middle of the beam are a little greater and those at the ends, a little 
less than they were before the beam had had time to distort the columns 
as represented in Fig. 753. But in designing stiff end connections, the 
conditions represented in Fig. 752 are the ones to be provided for. 

When rigid end connections are designed for downward vertical 
loads only, they are designed to obtain continuous beam action; there 
can never be anything but a pull (tension) at x nor can there ever be 
anything but a push (compression) at the seat y . 


flat bar column 



^"SfAT y 


Fig. 754. 
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Fig. 758. 


It was assumed, Fig. 750, that the columns supporting the beam 
were heavy sections. If, instead, they were very light sections — to make 
the point clear suppose that they were actually flat bars, Fig. 754, just 
strong enough to stand up straight under a direct vertical load — it is 
evident that the pull at x and the push at y will distort the bar column 
until the beam bends as much as was pictured in Fig. 749. The ends of 
the beam, Fig. 755, will be parallel to the column section comprised be- 
tween the top and bottom flanges of the beam, but that section of the 
column will be distorted until it makes the same angle a with the sections 
of the column above and below the beam as the end of the beam made 
with the face of the column in Fig. 749. The beam will bend just as 
much ap pn Fig. 749 because there is no help from connections at x and y, 
tjje column being too light to offer any resistance. , , , . 

If, however, the bar column be strong enough to stand up straight 
updpr’ $rect yptjcal' loads, and if, as. in Fig. 754^ the lqpds and b$m$fpg 
^cpp^ntp^ equal on ^t^’^qsjte fanes of this colump, the^b^ams, hptag 
securely Attached* at ^ and y f the pull; at x and the; push at y y^nhl^laiice 
each other. With approximately equal spans and distributed loading, 
these are the conditions usually assumed in ordinary building design. 
h, In the uppem^.storiesi.thet afee* .of. .columns reqyirgd|.,fo>:! vertical 
loads is usually small If rigid end connection are to be used, it is well 
to bear in! mind ithatv while distributed loads are normally assumed .for 
design purposes, unbalanced loads tending to produce the conditions 
pictured in Fig.j 755 may arise -^consequently the upper columns should 
bedesigned to resist ^reasonable amount; of bending. f . : h 

u iWhen faed ehd connections are used only to obtain continuous, beam 
action* the stress at & Fig. 757, is always tension and that at y is always 
'Owprepic^ connections for continuous beam action* those 
stresses must then be provided for. 
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Fig. 758. 


The simplest fixed connection of a beam to a column consists in setting 
the beam on a seat, shop'welded to the column. Fig. 758, and welding 
the beam directly to the column. This method can be used when the 
bending moment required of the fixed connection does not exceed the 
capacity of the fillets connecting the beam flanges to the column. When 
the moment required does exceed that capacity, some other style of con' 
nection is required. 

Welds and Calculations for Continuous Beam Action. — There are 
three different kinds of welds used in attaching beams to columns. The 
most common is the fillet weld, shown in Fig. 759. This weld is never 
in the direct line of action of the stress. In Fig. 759, the pull on the 
horizontal plate is represented by F; the resistance of the fillet weld is 
at R, the two opposing forces being a distance e out of line. This distance 
t is equal to half the thickness of the plate plus one third the height of 
the fillet. Whenever it is practicable, especially in important connections, 
fillet welds should be made in pairs, Fig. 760, so that the opposing forces 
may balance squarely. 
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In the following calculations of strength of welds the unit stresses 
employed for fillet welds are those tabulated on Page 66 for welds. For 
V welds and for butt welds, the unit stresses used are as follows: 

Shear: 14,300 lbs. per sq. in. 

Tension: 16,250 lbs. per sq. in. 

Compression: 18,750 lbs. per sq. in. 



In calculating the strength of fillet welds, made by the shielded arc 
process, the stress is computed through the throat of the fillet. The throat 
of the weld shown in Fig. 759 is the line cd, the length of which, for 
ordinary 45 degree fillets, is always .7 of the size of the fillet, ac or be. 
If a fillet is specified, ac= be = if a , / 4" fillet is called for, ac = 
be = J4". In the first case, the strength of the fillet weld is .7 X % X 
14300 = 3750 lbs. per linear inch; in the second case, the strength of 
the J4" fillet is .7 X X 14300 = 2500 lbs. per inch of fillet. These 
are the values given on Page 66. 
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Fig. 761. 


The second kind of weld is the butt weld, shown in Fig. 761. This 
weld has the same theoretical section as the plate or member that it 
connects, though, actually, it is often “reinforced,” that is, made to 
bulge a little, as indicated by the dotted lines. The strength of a butt 
weld is the cross section of the plate or member connected, in square 
inches, multiplied by 16250 for tension, by 14300 for shear and by 18750 
for compression. In. Fig. 761, the horizontal plate is 3 / s" thick; the 
strength of the butt weld then is % X 16250 = 6100 lbs. per linear 
inch in tension; % X 14300 = 5350 lbs. per linear inch in shear and 
Y$ X 18750 = 7000 lbs. per linear inch in compression. 



The third kind of weld is the “V'weld,” shown ill? Fig. 762. The 
force F can be considered as resolved into a number of component forces 
a acting through the “V'weld,” resisted by an equal number of forces b 
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forming the resisting force R, which must, of course, be equal to F. It 
is evident that the strength of the “V'weld,” just like that of the butt 
weld, is equal to the cross section of the plate or member connected, in 
square inches, multiplied by 16250 for tension, by 14300 for shear and 
by 18750 for compression. In Fig. 762, if the thickness of the horizontal 
plate is the strength of the “V'weld ” in tension is % X 16250 = 
6100 lbs. per linear inch; if the plate is J4" thick, the “V-welds” 
strength is ]/ 2 X 16250 = 8125 lbs. per linear inch. 

Fig. 763 shows a 24" 744b. beam intended for continuous action. 
It is supported on seats shop^welded to the columns and its flanges 
are welded to the columns at points A, B, C, D. 

The amount of continuous action that can be developed depends 
on just how strong the connections of the beam flanges to the columns 
are made. 

Considering first the flange connection at A, with the beam butting 
directly against the column flange, suppose a single /i” fillet were 
used, as shown in Fig. 764. The fillet’s working strength is 5000 lbs. 
per lineal inch. As the beam flange is 9" wide, the tension that can be 
resisted by this single fillet is 9 X 5,000 = 45,000 lbs. and the 
moment that can be resisted is that tension, 45,000 lbs., multiplied by 
the beam’s depth, 2 ft., or 90,000 ft. lbs. 

If it is desired as is usually the case, to develop the full working 
strength of the beam, 256,000 ft. lbs., it is evident that this single Vi 
fillet is far from being sufficient. 

The connection shown in Fig. 765 has two V%” fillets: one made 
as in Fig. 764, and the other located under the beam flange, in an 
overhead position. It should be noted, in passing, that overhead, welds, 
properly made, are just as strong as “flat” welds and, therefore, should 
not be avoided when, to do so, would require designs that cost more 
than those requiring overhead welding. The strength of the double 
fillet is evidently twice that of the single fillet, or 180,000 ft. lbs. This 
value also is much below the working strength of the beam. 

Instead of using fillet welds, a butt weld of a V’d joint ipay be 
employed, as shown in Fig. 766. The V is formed by flame'Cutting 
the end of the beam) flange at 45 degrees, the usual angle used for a 
weld of this kind. The beam flange being 9" X \ the tension 
strength o;fthis joint; will he 9 X 1x Aq X 16,250 = 100,000 lbs. and 
the working moment^ 200*000 ft. lbs. This is more than was obtained 
from the double fillet, Fig. 765, and the cost of this V'weld is less 
than: that pf ihe double fillet. ; * *,* 

<4* the . small expense of bevel cutting the flange, the overhead 
work is eliminated arid the amount of electrode required for the double 
fillet is a little more than thalt required for the butt weld. Nevertheless, 
even the butt weld illustrated in Fig. 766, with a unit stress of 16,250 
lbs., under the Fusion Code, develops only 78% of the working , 
strength of ^he^beamu 
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✓V-5UTT-WLLD WITH 
\UX. PLATE- 



Fig. 767. 


A simple method by which the full working strength of the beam 
may readily be obtained at the joint is illustrated in Fig. 767. An 
auxiliary plate about one inch narrower than the beam flange is securely 
welded to it. Both the plate and the beam flange are then bevel cut 
in one operation. For the case shown in Fig. 767, the tension value of 
the flange is 100,000 lbs. as above and that of the auxiliary plate is 
8 X !4 X 16,250 = 32,500 lbs. The reinforced flange’s tension value 
is then 100,000 + 32,500 = 132,500 lbs. and the moment value is 
132,500 X 2 = 265,000 ft. lbs., fully developing the beam’s working 
strength. 

Attention is called to the fact that butt welds such as the ones 
shown in Figs. 766 and 767, made by the shielded arc with proper 
electrodes, constitute precisely the same kind of welding as is used for 
high pressure piping and for pressure vessels. This is the kind of 
welding which conforms to the A.S.M.E. Boiler Code. 
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Considering now the flange connection at B, Fig. 763, it is manifest 
that, since for continuous action, the beam produces only compression 
against the column, this compression is transferred directly by the beam 
to the column if the beam is butted against it. A beam cut squarely 
across with a flame cutter, especially a motor driven cutter, will produce 
a surface very nearly equal to a milled face and well suited for the 
purpose intended. 

Since the compression of joint B is transferred directly by the beam 
to the column, the only welding at this joint is that required to keep the 
end of the beam tight against the column face. A fillet a, such as shown 
in Fig. 768, is well adapted to this purpose. Instead, fillets b, securing 
the b eam to the shop" welded seat may be used. As the builder's purpose, 
however, is to secure the beam to the column as directly as possible, 
fillet a is evidently preferable. Another advantage of using fillet a is 
that it forces the erector to push the beam up tight against the column 
face to permit making the fillet as shown. But it is evident that there 
is no reason for using both fillets a and b simultaneously. 



In order to facilitate erection, it is necessary to make the length pf 
beams framing between column flanges somewhat shortef than the dis^ 
tance between opposing column faces, If the beams, arei butted up against i 
the column at one end, there is a gap at the (other .end- of thenb^tfiaf 
which the connections must bridge, as shown in Fig. 763. For this reaQOaf 
collections at ppjnts^C, and D are necessarily t different r tbrn^ thc$e at 
points A and B respectively. 

■ ■ For continuous action, the stress atjC is always tension* thlt is, 
pull on the column,' jThe most direct way of making connectiori is 
by means of a plate, field welded to the top of fthe?beam 
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of the column. This plate bridges the erection gap. The amount of 
tension that can be developed depends on the' srie and thickness of the 
tie plate and upon the welding used. 

If a single Yl” fillet a, Fig. 769, is used to connect the plate to the 
column face and the width of the plate is w, the tension capacity of the 
joint will be 5,000 w lbs. If w = 9, the tension capacity is 45,000 lbs. 
and the moment value of the connection is 45,000 X beam depth (two 
feet) = 90,000 ft. lbs., as in Fig. 764. 



Fig. 769. 


If a double Yl" fillet a and b, Fig. 769, is used, both the tension 
capacity and the moment value of the joint are doubled: for w = 9, 
the moment is i|80,000 ffe. lbs. as in Fig. 765. 

It will be c bserved that if w is 13" and that a double Yz' fillet a 
and b, Fig. 769, {is used, the tension capacity of the connection is 130,000 
lbs. and the moment .valine of the^jpjpt is.260,000 ftj lbs,, the capacity 
of the beam. Tie fillet welds at I, Fig. 7 69, ’ connecting the tie plate to 
the beam flange must, cri cours^ have stre^gth| enough jtp deliver the 
desired tension tjo the ^olmjnn. ' n ' * ' Y 

Fig. 770 shows tfig tie plate ’butt welded, at the V’d joint, to the 
column. Again, by choosing a plate of suitable thickness an<jl cross-section, 
any tension an:, moment values may be "developed 'up to the capacity 
of the beam. j 

Suppose a te plate \w f X is used: the tension value of the 
butt weld of the V’d joiit is 14 X X 16,250 = 128,000 lbs. and 
die moment value,i^ l28ib00 X beam depth (two feet) = 256,000 ft. 
lbs., the working value of the beam, ^The strength of the plate just 
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Fig. 770. 


beyond the beam’s end is 13V2 X %6 X 18,000 = 137,000 lbs. and its 
moment is 274,000 ft. lbs. The two fillet welds, I, each 13" long, 
have a tension strength of 2 X ?000 X 13 = 130,000 lbs. and the mo' 
ment value is 260,000 ft. lbs., the strength of the beam. There is one 
more requirement that the above tie plate must fulfill: at the ends of 
the Zi' fillets connecting it to the beam’s top flange, the tie plate must 
have enough section to handle the entire moment stress. In Fig. 779 it 
will be shown that the 14" x % e " plate chosen above does not fulfill 
this last requirement. 



Fig. 771. 
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For continuous action, joint D (Fig. 763) is always in compression* 
that is, the beam pushes on the column. Fig. 771 shows a square butt 
weld interposed between the end of the beam's flange and the face of the 
column. This butt weld in compression has a value of 9 X xl Ae X 
18,750= 116,000 lbs. This gives a moment value of 232,000 ft. lbs., 
or 91.5% of the beam's strength. 

To develop the full strength of the beam, additional flange area is 
needed at the end of the beam. Fig. 772 shows such additional area 
provided by means of two 2" x bars shop welded to the bottom 
flange of the beam. The additional area thus obtained is 1.0 sq. in. As 
the flange area already provides 6.2 sq. in., the total compression capacity 
is then (1.0 + 6.2) 18,750 = 135,000 lbs. and the moment value is 
270,000 ft. lbs., a little more than the beam's capacity. 



Fig. 772. 


It is apparent, however, that the auxiliary bars can be dispensed 
with by merely connecting the beam to the seat at D by adequate fillet 
welds; the seat itself then furnishes the additional flange section required. 



Fig. 773. 
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Thus, in Fig. 773, the 9" x ^e" butt weld has a moment value of 

232.000 ft. lbs. as in Fig. 771. The two X A” fillets at 2,500 lbs. per lineal 
inch, have a moment value of 2 X 3 X 2,500 X 2 — 30,000 ft. lbs. The 
total moment value of the connection is then 232,000 + 30,000 — 

262.000 ft. lbs., the working strength of the beam. 



Column Web Plates.— The connections of beams to column flanges 
(Figs. 763 to 773), designed to produce beam continuity, do not show 
the column’s reinforcing plates which are of prime importance in con' 
tinuous welded connections. 

Fig. 774 shows a beam, the top flange of which is welded to the 
column flange as in Fig. 769. When a load is applied to the beam, it 
causes flexure, which, as explained previously, causes a pull on the column 
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rw. 775. 
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opposite the beam’s top flange. The resulting strain on the column tends 
to curve the column flange as pictured in Fig. 775, particularly if the 
column is a light section. 

If the welding happens to be much stronger than the connection 
plate, (Fig. 775) it may force the plate to take the same curvature as 
the column flange. But if the plate is stronger than the welding, or if 
the welding is weaker opposite the column web than it is towards the 
edges of the column flanges, the plate will curve less than the column 
and the weld will break opposite the column web as shown in Fig. 776 
and then continue to tear off until the load causing the strain is decreased 
or removed. The reason for this action is plain: opposite the web, the 
column is substantially unyielding while the unsupported column flange 
is free to bend. Consequently, the force pulling on the column is first 
concentrated on that part of the weld directly opposite the unyielding 
column web with such intensity that it breaks the weld at that point as 
the column flange starts to curve. Assuming that the calculations were 
made correctly and that the whole weld was needed to resist the strain, 
after a part of the weld has been broken, the remainder is insufficient to 
carry the strain and is soon torn off — unless, as stated above, the load 
is decreased sufficiently or removed. 



It is thus seen that it is of very great importance to so reinforce the 
column that the flange will not curve as the strain is applied. 

It has been found that the simplest column reinforcement consists 
in shop welding plates alongside the column web as shown ip. Fig. 777. 
The welding at a must be practically equal to that at b. Since the func' 
tion of the reinforcing plates is to stiffen the column flanges and since 
the stiffest element of the column is the web, it follows that the welding 
of the reinforcing plates to the column web should be very substantial. 
In the case of columns to which a beam frames from one side only* as 
in Fig. 774, these reinforcing plates should be fulhwelded to the column 
web. When there are two beams, as in Fig. 777, of substantially the 
same' size, it is frequently only necessary to tack-weld the reinforcing 
plates to die column web. If the two beams are of disproportionate size, 
the case is much the same as if only one beam were framed to the colutai. 
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In modem riveted connections, the usual attachment for beam con- 
tinuity consists of split I-beams (Fig. 778). The flange of the split beam 
must, of course, be thick enough to keep its shape when the flexure of 
the floor beam causes a pull on the rivets connecting the split I-beam 
to the column; but, in addition, the tee formed by the split beam must 
be sufficiently strong to reinforce the column flange effectively to prevent 
it from curving. 




DESIGNING OP ARC WELDED STRUCTURES 


557 


It will then be observed that the problem of keeping the column 
flange square with the web and preventing curvature in the column re- 
quires just as much care with riveted as with welded connections. The 



solutions differ, but the same condition exists and must be provided for 
in either case. 

Connection Plates. — The proportions of connection plates depend 
on the stresses they are required to carry. Their shape depends on their 
position. Fig. 779 shows a triangular connection plate. This figure is 
similar to Fig. 770. If a 14 x % 6 " triangular tie plate is used, the tension 
value of the butt weld is 128,000 lbs. and the moment value, 256,000 
foot lbs.; the two W fillet welds have a tension value of 130,000 lbs. 
and their moment value is 260,000 foot lbs.; the strength of the connection 
plate beyond the beam’s end is 137,000 lbs. Its moment value is 274,000 
foot lbs. 

Now consider a section through this connection plate at the ends 
of the fillets which join it to the top flange of the beam — Section X?C, 
Fig. 779. Here the plate is 8J4" wide. The entire stress to be trans- 
mitted from the beam flange to the plate has been delivered by the two 
Z 2 " fillet welds. Therefore, at this section the plate must be sufficiently 
strong to carry alone the entire transmitted stress to the column. The 
strength of the plate at this section is 8 X %e X 18,000 = 81,000 and 
the moment value is 81,000 X 3. = 162,000 foot lbs. or only 63 per 
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Fig. 779. 


cent of the beam’s strength. To develop the full strength of the beam 
(256,000 foot lbs.), the plate should be thick, (%, X 8J4 X 18,000) 
X 2 — 260,000 foot lbs. 

With a %" plate, however, the length of butt weld required at the 
column is 128,000/16,250 X Vs = 9", Fig. 780, and if a W’ fillet weld 
is used to secure' 1 the' connection plate to the beam flange, thi length 'of 
fillet required is 128,000/2 X 6250 = 10J4". Just beyond the 1 'fillet 
welds, the strength of the plate is 8 X Vi X. 18,000 = 126,000 lbs. and 
its moment value is 126,000 X 2 = 252,000 foot lbs., the value of the 
beam. This connection plate is both narrower and shorter, than that 
^qwrtin Fig. 779- , ' ! . 1 ' 
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If the welding is done as shown in Fig. 781, a 14 x 11 /{e" plate is 
adequate. The welding here differs from that shown in Fig. 779 in that, 
instead of using two Xl' fillets 13" long, the fillets welded “flat” are 
10" long and they are supplemented by two 3" x XX' overhead fillets 
located as shown. At Section XX the amount of tension taken into the 
plate by the two 10" fillets is 2 X 10 X 5,000 = 100,000 lbs. and the 
value of the plate at this section is 8j 4 X X 18,000 — 102,000 lbs. 
At section TT, the entire beam tension capacity, 128,000 lbs., has been 
delivered to the plate which is here YlVX' wide. The capacity of the 
plate at this section is W/l X 1 Hs X 18,000 = 154,000 lbs. It will be 
noted that the narrower the V’d butt weld connection, the smalW may 
the column stiffeners be made. (See b. Fig. 780.) 



Wild '}” 

Point of max. j truss of weld f 



Fig. 782. * ^ 

; i \ ' 

It is apparent that instead of the short overhead welds, a slot weld 
might be made through the connection plate as\ shown in Fig. 782. 
Attention has been called to the need of column stiffeners to keep the 
column flanges from curving. Tests have shown that, under high stresses, 
a column flange reinforced with stiffeners will sometimes distort/ just 
enough to produce a stress concentration in weld f, Eig. 782, opposite, 
the column weh < A slof: weld, located as in the figure, evidently increases 
the stress in weld r f directly opposite the; column web where there may 
already easist k stress concentration due toi column distortion. This 
arrangement should therefore be avoided. 
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Welding for Stiffness . — The principal function of stiffness in a 
structure is to resist side sway from wind or from earthquake. If the 
lateral force is operating from the left toward the right, as shown in 
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Fig. 783. 


Fig. 784, joints A and D are in compression and joints B and C are in 
tension. If the lateral force is operating toward the left, Fig. 785, joints 
A and D are in tension and joints B and C are in compression. There- 
fore, when welding for lateral stiffness, all joints must be able to resist 
both tension and compression, while as noted before, when welding for 
continuous action only, top joints are always in tension while bottom 
joints are always in compression. 

Fig. 7 86 shows a 24"-74 lb. beam intended for lateral stiffness (com- 
pare this with Fig. 763, Page 548. The joint A is in compression. If 
the beam butts the column perfectly, the compression can be taken by 
bearing of the beam flange against the column. If this bearing is imper- 
fect due to the beam being cut ragged or if the beam is not pushed up 
tight against the column, the fillet welds shown previously, Figs. 764 and 



765, will transmit 45,000 lbs,, or 90,000 lbs. respectively, in compression 
just as well as in tension, since the welds are fillets. The butt welds 
shown in Figs. 766 and 767, have greater compression strength than 
the tension values calculated previously, since die unit stress allowed 
for compression is 18,750 lbs. per sq. in. against 16,250 lbs. per sq. in. 
for tension. 



DESIGNING OF ARC WELDED STRUCTURES 


561 


Fig. 786 shows an erection clearance at C. If this clearance were at 
A instead of at C (see Fig. 787) and a plate connection of the type 
shown in Figs. 781 or 780, were used, the fillet welds connecting the 
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plate to the beam's top flange will transmit 128,000 lbs. in compression 
as well as in tension while the V'butt welds to the column will readily 
transmit that stress m compression since they are adequate in tension. 



Fig. 788. 


It follows from these observations that the strength provided at tension 
connections for a given requirement is always ample to take care of a 
reversal to compression. 

The converse, however, is not true: the compression connections 
shown in Fig. 7 68, and those shown in Figs. 772 and 773, are ample so 
long as the stress is compression but they are inadequate if the stress 
reverses to tension as is required at joint B, Fig. 786. 
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The simplest tension connection, if the beam is butted to the column 
face, is that shown in Fig. 788: an auxiliary plate is welded to the beam 
flange; both beam flange and auxiliary plate are then bevel-cut so as to 
give the required section for the field V-butt weld. In Fig. 788, deduct- 
ing the thickness of the web, the beam flange has an area 8% 6 " x 
= 5.87 sq. in.; the auxiliary plate has an effective area 7 yi” x 
~ 2.33 sq. in. or a total area of 8.2 sq. in., which at 16,250 lbs. 
p^r sq. in. allowable in tension under the Fusion Code equals 133,000 
lbs. This gives a moment value of 266,000 ft. lbs., which exceeds slightly 
the capacity of the beam. 

If there is an erection clearance, a plate is required as shown in Fig. 
789. This plate should be wider than the beam flange so as to provide 
a welding edge along the bottom flange of the beam. In the case shown, 
die strength of the connection plate is 10J/2 X 24 X 18,000 = 142,000 
lbs. The Yf fillet weld’s value is 2 X 13 X 5,000 = 130,000 lbs. The 
strength of the V-butt weld is 12 X 14 X 16,250 = 146,000 lbs. 

In Figs. 788 tod 789, the function of the seat is to land the beam 
when erected and to carry the beam’s vertical load. 

Heavy Rolled Sections — In rigid end-connected beams, there is a 
poipt near each end called the point of inflexion, where there is no 
flange stress, only shear (vertical stress). By taking advantage of this 
fact* the beams may be ordered to fit between the opposing column 
faces as usual and theq flame-cut into three sections, as shown in the 
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accompanying details. These cuts may be made on approximately a 60 
degree bevel at points A and B as shown in Fig. 790, or made square, 
as shown in Fig. 791. If square cut, the beam sections are all ordered 
from the mill, allowance being made for the customary mill tolerances 
in shearing. 



The short end sections of the beams are all welded to the columns 
in the shop where the work can readily be placed in the most advan- 
tageous position for welding, where protection from the elements, acces- 
sibility to the work and to the welding machines all favor the best 
workmanship at lowest costs. By using the shielded arc under those 
conditions it is entirely safe to connect beam flanges directly to columns 
without the addition of auxiliary plates (see Fig. 767, and Fig. 788). 
The great ductility of shielded arc welds insures safety in handling and 
erection of the columns with stub beams attached, without danger of 
cracked welds. Thus the heaviest beams can be fully developed at their 
column connection without the use of any split beams and large rivets 
or field-welded bridging plates or auxiliaries. 

The center section of the beam is field-welded or bolted to the stub 
ends after the columns are erected. Since the only stress to be provided 
for at the field joints is shear, the flanges of the stub sections are not 
welded to the flanges of the middle section. Only a relatively tight web 
connection is needed, thus reducing erection costs to a minimum. 

In Figs. 790 and 791, the stub ends, marked ‘“'Beams h and d,” are 
shown shop-welded to columns c and e respectively at points n and p. 
The welds marked p are fillet welds proportioned only for the reaction 
to be brought to the column by the beam. The welds marked n are 
fixation or “continuity” welds having a cross section equal to the full 
cross section of the beam flange, without adding any auxiliary plates, 
if made in the shop with the shielded arc, as noted above. 
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In Fig. 790, the center section of the beam, marked \ r is shown 
hoisted up, ready to drop into the position indicated by the dotted lines. 
Two types of field connections are shown: at A, two plates marked x 
are shown shop-welded to beam b, one on each side of the web. Beam 
\ is connected to plates x by two bolts which serve to set the beam 
accurately. Later, beam \ is welded to plates x as shown. 

At B, two plates marked y are shop - welded to beam d one on each 
side of the web. Beam \ is set and full-bolted at once to these plates, 
without any field-welding. The end bevel cuts permit the web of beam 
\ to drop between the pairs of plates x or y while the flange of beam 

at points g and h, clears plates x and y as beam \ is dropped into 
position. 

In Fig. 791 all beam sections are shown square cut. This is preferable 
to skew cuts. One connection plate is shop-welded to beam \ (shown on 
far side. Fig. 791) and one plate is shop-welded (near side. Fig. 791) 
to beam b. After field bolting (2 bolts in each beam section, as shown) 
the far plate is field-welded to beam b and the near plate is field-welded 
to beam 

Test on Heavy Sections — The strength and reliability of shielded 
arc-welded beam to column connections described previously has been 
demonstrated by test of typical full size, connections. The test was con- 
ducted by one of the country’s leading universities in their structural 
testing laboratory. 

The test specimen was constructed as shown by Fig. 792. Stiffeners 
were located on both sides of the beam sections and in the column web. 
All welds were made by the shielded arc with equipment shown in 
Fig. 793. A closeup view of the beam to column connections is shown 
in Fig. 794. 



Fig. 793. Shielded arc welding of test specimen. 
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Fig. 794. Welded beam to col- 
umn connections in specimen 
prior to test 


A million pound testing machine was used by the university for 
loading the specimen. Fig. 795 shows the specimen under the initial 
load of 5,000 lbs. in testing machine. The data and notations in the 
following table are made from the university’s report of test: 


Central 

Load 

Pounds 

Calculated ! 
Deflection 

Observed 

Deflection 

Notes on Beams 

Notes on Welding 

200000 

0.12' 

0.13* 

Within elastic limit 

All welds intact 

250000 

0.15* 

0.18' 

Within elastic limit 

All welds intact 

300000 | 

0.17' 

0.22" 

Within elastic limit 

All welds intact 

35COOO 

0 20* 

0.28' 

Passing clastic limit 

All welds intact 

400000 

0.23"* 

0.38* 

Beyond elastic limit 

All welds intact 

600000 

0.34'* 

6.00* Approx. 

Near failure 

All welds intact 

615000 

— 

i 

! 

Top flange buckling 

All welds intact 


♦Deflection calculated as if beams were still within their elastic limit. 


The calculated and the observed deflections agreed closely until the 
load approached 350,000 lbs. At that load, the divergence shows that 
the load was beginning to cause permanent distortion. At 400,000 lbs. 
the observed deflection was 70% greater than it would have been if 
the elastic limit had not been passed. From then on, the deflection in- 
creased very rapidly until, at a load of 600,000 lbs,, it was eighteen 
times that of a beam still within the elastic limit. Fig. 796 shows 
specimen under load of 600,000 lbs. 
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Fig. 795. Specimen wider initial load of 5.000 lbs. in milli on pound testing m^eVnA , 


Fig. 797. under 622.100 lb. load. Arrow points to connection which tailed at this 
loading. 


Fig. 798. Specimen alter test. Arrow shows location oi flange buckling which started 
at loading 615.000. 


At 615,000 lbs., the top flange of one beam began to buckle upwards 
about one foot away from the column as indicated by arrow. Fig. 798. 
This shortened the distance between centers of tension and compression, 
intensifying the tension in the bottom flange and connecting welds. 
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The loading was still increased. At 622,100 lbs., with a deflection 
of 6J4", a butt'weld securing a lower column stiffener to the inside of 
the column flange broke (see arrow. Fig. 797) together with the tapered 
end of the column stiffener. The fracture was widest at the edge of the 
column flange and decreased to a hair crack next to the column web. 
Fig. 798 shows specimen after completion of test. 

From the above consideration, it is apparent that the tension butt' 
weld held on until the stress exceeded its ultimate capacity, i.e., in the 
vicinity of 70,000 lbs. per sq. inch. 

It has sometimes been said that steel, by its slow distortion under 
excessive loads, gives ample warning of impending danger while a weld 
breaks suddenly. And it will readily be admitted that, so long as welds 
break suddenly only after the steel itself has distorted and failed, full 
confidence in the welds is warranted. 

Examples of Economy of Welded Design — Sometimes reinforced 
concrete has an advantage over steel, when all concrete members are 
designed as continuous and steel members are considered as freely sup' 
ported at their ends. However arc welding furnishes a means of making 
steel members continuous at a cost which often makes the use of com 
tinuity in steel work advantageous. 

Fig. 799 shows a beam loaded with 1920 pounds per foot on a span 
of twenty feet. Calculated as a freely supported beam without any 
continuity, the center bending moment would be 96,000 foot pounds. 
Figured the way reinforced concrete would be, the center moment is 
64,000 foot pounds, requiring a 14"'30 lb. beam, while the 96,000 foot 
pounds above require a 14"'43 lb. beam, or 43 °/o more steel. 

In concrete, in order to figure the smaller moment, it is stipulated 
in building codes that a moment also of 64,000 foot pounds be developed 
at the beam’s ends. A method of accomplishing this in steel is shown in 
Fig. 800. Here, an end'beveled 6" X 54 r/ tie plate is field'welded to the 
top flange of the beam and butt'welded to the column. The end of the 
bottom flange !s butted up against the column by a 6%" x field weld 
between the end of the beam and the column and by two fillet welds 
to the seat. 

The 16 inches of Vs” fillet weld, as shown, have a value of (3750 X 
16 X 14/12) = 70,000 foot pounds. 

The butt weld to the column has a value of [6 X 54 X 14/12 X 
16,250] = 71,000 foot pounds. The value of the Vs” butt weld at the 
end of the bottom flange is 18,750 X 6% X Vs X 14/12 = 55,200 ft. 
lbs., and that of the two 3" x *4" fillets to the seat is 2(3 x 2,500) 14/12 
= 17,500 ft. lbs., a total, for the bottom flange, of 72,700 ft. lbs. 
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Whenever reinforced concrete slabs are used as flooring in steel' 
frame buildings, a simple method of obtaining continuity for steel beams 
is that shown m Fig. 801. Since the steel beams themselves are encased 
in concrete at the time the slabs are poured, the steel and the concrete 
act as a unit, as proved by the tests made at the University of Toronto 
and reported in Bulletin No. 5 of that institution. If, therefore, the 
bottom flange of the steel beam is butt welded up against the column 
so as to resist the compression, the tension at the top may be taken 
across the column from one beam to the beam opposite by tension bars 
in the top of the concrete itself. In Fig. 801, the four l" round rods 
have a value of 4 X *7854 X 18000 X = 68,000 ft. lbs. 

In this method, the steel is built in quite the usual fashion after 
which the bottom flange of the beams is butt welded to the columns. 
The tension rods are placed along with the concrete construction. Thus 
the floor beam tonnage is reduced as much as 25% to 30%. 

Slotting Column Web to Secure Continuous Beams — Another point 
in connection with continuous beams secured to column webs is that of 
slotting the column web. It is customary to make columns in two or three 
story lengths. The shaft is designed for the bottom story load. The sec' 
tion is overstrong for the upper story or stories so a slot can be made in 
such stories without effect on the column’s strength. In the bottom 
story, at the point where a slot is proposed, there are beams to be 



DESIGNING OF ARC WELDED STRUCTURES 


5 73 


attached to the column; such beams brace the column laterally; at points 
of lateral bracing there is no reason why a higher stress than the usual 
column allowance may not be used. 
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In the column formula — 

18000 
' 72 

1 + t 

18000 r 2 

the denominator decreases the numerator by an amount proportioned to 
the value 1/r. As a consequence, the greater the danger from lateral 
flexure, the smaller the allowable value, /, on the column shaft. But, at 
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points of lateral bracing, there is no reason for decreasing the numerator 
since there is no lateral flexure to take into account any more than in 
the compression flange of a beam properly side^braced. 

In Fig. 802, a two-story column is shown. The load from each floor 
is 40000 lbs. and there is a load of 200000 lbs. accumulated from above. 
The column section shown has an area of 19.1 sq. in.; its allowable load 
on a 16 foot height is 281000 lbs. or 14750 lbs. per sq. in. which makes 
proper allowance for lateral flexure. The slots shown in the web are 
6J/2" wide; the web of the column is 7/16" thick so the slot deducts 
2.85 sq. in. leaving 16}4 sq. in. net. Now 281000/16J4 = 17300 lbs. 
sq. in., which is not an excessive stress directly at a point of efficient 
lateral bracing. 

Slotting the column web permits making an economical and rapid 
connection between opposite beams; this in turn allows the use of steel 
on the same basis as concrete beams. 

Reinforcement of Columns. — Steel columns are generally H'shaped. 
Their strength, measured by the radius of gyration, is about twice as 
great on the axis parallel to the flanges as on that parallel to the web. 




When it is desirable to even up the strength of columns about their 
two axes, a simple expedient consists in welding a suitable plate to the 
edges of the column flanges, as shown in Fig. 803. If the plate is light, 
fillet welds are used to attach it to the column. If thick plates are to be 
added to the column, the plate edges should be bevel cut before welding. 
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As the strength of the column increases rapidly on the axis parallel 
to the web, it decreases, but in a much smaller proportion, on the axis 
parallel to the flanges as shown in the following table: 


Values of Radius of Gyration of 14" — 87 lbs. Column Section 
With and Without Reinforcing Plates 



No 

plate 

2 pis. 
13x0 


2 pis. 
14x0 

2 pU. 

1 4x^i 

Ill-Axis parallel 
to flanges. 

6.15 

5.60 

5.45 

5.48 

5- 38 

R2-Axis parallel 
to web. 

3.70 


5.30 

5.35 

5-60 


With 14" x Yi r plates, the radius of gyration Rl decreases 11% while 
R2 increases over 44%, thus the strength of the column becomes prac' 
tically the same about both axes. 



1 °^ 



'COL. STIFFENERS 


SEC YY 



Thus when large or heavy beams are framed to columns on their 
normally weaker axis and the columns are required to resist bending in 
two directions simultaneously, such columns may readily be strengthened 
for any desired height and the strong connections to column flanges, 
described previously, can be utilized. 

In Fig. 804, the column reinforcing is shown to consist of plates a 
and assembly b. This assembly consists of four elements: a section of 
reinforcing plate, two column stiffeners and a beam seat. When this 
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assembly has been shop-welded together, it is inserted into the column 
and welded thereto. Plates a are then shop-welded to the column and to 
the ends of the reinforcing plates of assembly b. The result is now 
exactly the same as if the beam were to be attached to column flanges 
and is of equal strength. 

Beam Connections. — In designing beam to beam or beam to girder 
connections, the shop punching of the main members should be elimi- 
nated as much as possible, as this will materially reduce fabricating costs, 
inasmuch as the beams or girders are large and heavy and cost consider- 
able to handle. 



Fig. 805 shows a beam to girder or beam to beam connection, both 
members being of the same depth. As shown, the angles Z are punched 
and shop welded to beam B. The punched flange plate r is shop welded 
to the flange and web of girder A. Temporary connection is made in the 
field by bolting the angles Z to plate r. 

Where beams are situated at different elevations a detail such as 
shown in Fig. 806 may be used. This connection is of the same type as 
shown in Fig. 805. Observe that this type of connection is adapted to 
girders having sloping flanges as well as to girders with square flanges; 
it is merely necessary to weld the connection angles of the beam at the 
same slope as the girder flange. 



Fig. 806. 
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Of course, if the beam load is great enough to cause bending of the 
girder flange, a web'to'web connection should be used. 

Fig. 807 shows a beam connection applicable to shallow beams 
framing to deep girders. The punched plate X is shop welded to 
the bottom flange of beam B. The punched seat angle T is shop 
welded to the web of girder A. They are then temporarily connected 
by bolts in the field as indicated, prior to welding the permanent 
connection. 

The same type of connection shown in Fig. 807 is adaptable for use 
where beams are situated at different levels. It is illustrated in Fig. 808. 
When the beam reactions are heavy enough to warrant it a stiffener 
angle or plate should be welded beneath the seat angle. 

Framing Continuous Beams to Girders — In reinforced concrete 
construction, not only beams framing to columns but also beams fraim 
ing to girders or to other beams are considered as continuous members 
and are designed as such. In steel frame construction, it has been cus" 
tomary to design all such beams as freely supported. To that extent, 



DESIGNING OF ARC WELDED STRUCTURES 


579 


steel construction is at a disadvantage. Arc welding provides an inex' 
pensive method of making such steel members continuous. The follow' 
ing examples demonstrate how this is accomplished by arc welded 
design. 


Tic platc^ 


c-*~ 


Beam 

\ 

-k 

/'Butt weld 

Girder. 2= 



Fig. 80S. 


Where the girder and supported beams are flush at the top, as 
shown in Fig. 809, also where the top flanges of the beams are located 
above the girder top flange, see Fig. 810, the procedure is as follows: 
The beam is landed on a supporting seat shop'welded to the web of 
the girder and bolted thereto. Following this operation, another crew 
butt welds the bottom flange of the beams to the girder web and welds a 
tie plate to the top flange of the beams on either side of the girder. 
Since the continuous action of the supported beams depends on the 
beam opposite and not on any torsion of the girder, it is not necessary 
to weld the tie plate to the girder. 



Where the top of the supported beams is considerably below that 
of the girder, as shown in Fig. 811, the tie plate is run through a slot 
ki the girder’s web and field welded to the top of the two beams. If the 
longitudinal shear in the girder is high so that the slot in the web is of 
consequence, the tie plate is also field welded to the web of the girder. 
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Fig. 811. 


For cases where the beams frame just under the girder’s top flange, 
a section of channel cut as shown in Fig. 812 forms a suitable tie plate. 
This channel is field welded to the top flange of the beams both to 
transmit the pull across the top of the girder and, in addition, to resist 
the moment or twist due to the eccentricity of that pull. The example 
shows continuous 14" 304b. I-beams having a moment value of 
63,000 foot pounds. The tension in the channel web across the top of 
the girder is -p^p* = 46000 lbs. and this web must have a cross section of 

=2.65 square inches (6"- 134b. channel). 

In addition to that direct tension, because the pull of the beam and 
that of the channel are not in line, the tie channel must be welded to 
the 14"-beams to resist the moment or twist which tends to lift the 
channel off the 14"-beam at a and to push it down onto the beam at b. 
The shaded triangles show the distribution of the stress induced by the 
twist. It is maximum tension (upward) at a , decreasing to zero, then 
reverses to compression (downward) increasing to a maximum at b. 
If 9 inches of 34" fillet are used to connect each leg of the 6" channel 
to each 14"-beam, the unit stress at a, due to the direct pull, is 
=2300 lbs. This is a horizontal stress. 

The moment, due to eccentricity of pull, is 41300 X = 
62000 inch pounds. This moment can be represented by two forces 
R, located 6 inches apart and having a value of = 10300 lbs. 

The average intensity of the upward force R on each of the two 
welds is 2 ^ - " = 1150 pounds per lineal inch and the intensity at a 
is twice the average or 2300 lbs. This force is upward. Combining 
this upward force with the horizontal stre ss at a, due to direct pull, 
we find that the actual total force at a is \/2300 2 + 2300 2 = 3250 lbs. 
slanting upwards to the right. A fillet weld, produced by the 
shielded arc, has a safe value of 3750 lbs. per lineal inch. 

Similarly, at b, the direct pull is 2300 lbs. horizontal and the intensity 
of downward vertical force is also 2300 lbs., resulting in a total force 
at b of 3250 lbs., slanting downwards, to the right. 
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Fig, 812, 



582 


PROCEDURE HANDBOOK OF ARC WELDING 


Plate Girders. — A plate girder requires extensive shop fabrication 
because many pieces or members are involved in its construction. It 
offers, therefore, one of the outstanding examples of the efficiency of 
arc welded design. 

A typical design problem in plate girders is given herewith. The 
requirements of the problem are as follows: 

Girder span, 40 feet. 

Load (including allowance for girder weight) 146,000 lbs., con' 
centrated at center of span. 

Design of flanges to be made by the standard “Flange Area 
Method," allowing for web’s resistance. 

Spacing of stiffeners not to exceed depth of girder. 

Bending moment to be resisted, 1,460,000 foot-lbs. 

Shear to be resisted 73,000 lbs. 

Flange stresses not to exceed 18,000 lbs. per square inch on net 
section. 

The riveted design which meets these requirements is shown in 
Fig. 813. The arc welded design is shown in Fig. 814. Note that 
though both girders are of exactly the same si^e and strength, the 
arc'welded girder weighs 2,329 lbs. less than the riveted girder, a 
saving in weight of steel of 22% . The riveted girder requires 890 
lbs. more steel in the main members, the web and the flanges, and 
1,439 lbs. more steel in the details, the stiffeners, fillers and rivets, than 
the arc-welded girder. The saving of steel in the web of the arc' 
welded girder is made possible by use of a 46-inch plate instead of 
a 48'inch plate; the gross shear is not increased since the indicated 
continuous welding of flanges to web makes the effective web height 
the full height of the girder, as in a rolled beam. 

The reduction in flange weight is due to there being no holes to 
be deducted from the gross section and also to the moment arm being 
a little longer in the welded than in the riveted girder. 

The saving of weight in the details is due to the elimination of 
fillers, to the substitution of lighter stiffeners and to the advantage 
in weight of the weld metal over the rivets. 

In the arc-welded girder there are one-half as many pieces to 
handle in fabricating as are required for the riveted girder. Thus 
arc welding also effects a material saving in labor. 

Design of Welded Girders. — The proportions of a built-up girder 
depend on the loading. The welding of a built-up girder is governed 
by the shears. Typical examples of the most common cases of girder 
loading, together with the corresponding reactions, are illustrated in 
Fig. 815. Example A, Fig. 815, represents a 40-foot girder which has 
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Flange Angles 5 840 lbs, 

32 Stiffener Angles 1614 lbs, 
32 Fillers 904 lbs, 

Pieces to assemble: 69. 336 Rivets 219 lbs. 

Total 10617 lbs. 
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Girder Weight Web 1955 lbs. 

FlangeTlates 5035 lbs. 

32 Stiffener Plates 1238 lbs. 

Pieces to assemble: 35. 240 Lin. Ft. fillet 60 lbs. 

Total 8288 lbs. 
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to carry a central concentration of 350,000 lbs. together with a uni' 
formly distributed load of 700 lbs. per lineal foot. The resulting 
moments and shears are shown in Fig. 816. A welded design for this 
girder is shown in Fig. 817. A discussion of the proportions and 
welding of this girder follows. 



Fig. 815. 


Proportions — The maximum shear occurs at the ends of the girder 
and amounts to 189,000 lbs. A 50" x%" web could be used with a 
stiffener spacing of 28". A 50" x % 6 " web permits a 39" stiffener 
spacing, and is chosen for that reason. 
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The maximum moment is at the center of the girder and amounts 
to 3,640,000 ft. lbs. A girder made up of a 50" x % 6 " web and 18" x 
2V 2 " flange plates has a moment of inertia of 66,600 and a moment 
capacity (at 18,000 lbs. per sq. in. maximum stress) of 3,633,000 ft. lbs. 
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Fig. 816. 


At Section X the moment is 1,809,000 ft. lbs. A girder made up of 
a 50 "x% 6 " web and 18"xl%" flange plates has a moment of 
inertia of 37,260. Therefore a moment of 1,809,000 ft. lbs. causes a 
fibre stress of 


1,809,000 x 12x26% 
37,260 


15,370 lbs. 


This stress comes on the double V'butt weld and is a safe tension 
stress for shielded arc welding. The bottom flange section is therefore 
changed at this point to 18" x 1%". 

At Section T the moment is 2,127,000 ft. lbs. If the top flange 
is made 18"xl%" at this point, as shown in Fig. 816, the bottom 
flange is 18"x2j4", and the web, 50" x %6 /r * The moment of inertia 
of this section is 48,660; the center of gravity is 21%" up from the 
bottom. The maximum fibre stress of the top flange is 


2,127,000 x 12x 32*4 
48,660 

and the maximum fibre stress of the bottom flange is 

2,127,000 x 12x21% 

48,660 




/ = 


16,900 lbs. 


11,300 lbs. 
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The bearing stiffeners over the supporting column, see Fig. 817, 
are used for the purpose of transmitting 189,000 lbs. from the girder 
to the column. These stiffeners are in themselves small columns and 
must be proportioned so they will not buckle. An 8" x Yl' bracing 
plate is shown between the end stiffeners; its function is to brace 
these stiffeners laterally, cutting their effective length to half the 
height of the web plate. An 8" x 1 Ye // plate has an area of SYl sq. in. 
On an effective height of 25 inches, the stiffness ration is I/r = 25/.20 
= 125, with a corresponding allowable stress (A.I.S.G.) of 9636 lbs. 
per sq. in. The combined carrying capacity of the four 8' / x 1 % 6 // 
stiffeners is 4 x 5 J /2 x 9636 == 212,000 lbs. 

A similar arrangement of bearing stiffeners is shown in Fig. 817 
for a vertical shear of 175,000 lbs. under the center concentration. 
The function of the intermediate stiffeners is to keep the web vertical, 
i.e., prevent it from bowing sideways. A thin deep bar is effective for 
this purpose. The ones shown are 8" x set out in pairs on either 
side of the web plate. 

The purpose of the welding which connects the web to the flange 
plates is to resist the sliding tendency that exists at the junction of these 
two elements. A demonstration of this sliding action or slippage 
can be made by piling a number of boards of equal length, one on 
top of another with ends flush, to simulate a beam. After a heavy 
loading is applied to this “beam” the ends of the boards are no longer 
flush — the boards having slipped on each other. This is the same kind 
of slippage which occurs between the web and flanges of a girder when 
it is heavily loaded. 

The intensity of this slippage (horizontal shear) at any vertical 
section in a girder is found by the formula 


L = 


SAd 

I 


, where 


L = the desired sliding tendency intensity (pounds per lineal inch of 
girder) . 

S = Vertical shear at that section. 


A = Area of flange at that section. 

d = distance from the center of gravity of girder (wherever the center of 
gravity may be) to center of gravity of flange. 

I == Moment of inertia at that section. 


For instance, the horizontal shear between the top flange and the 
web over left support is 

189,000* (IS ^I M) ,25% _ „„ ^ 

37,260 ’ 


per lineal inch as noted. 
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Fig. 817. 
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Just to the right of Section X the top flange horizontal shear is 

L = 1M,200 x (18 x 1%) x 31 %e = 2 925 ^ 

4S,660 

per lineal inch as noted, while the bottom flange horizontal shear 
at the same section is 


182,200 x (18 x 2^4) x 20j4 
48,660 


=3,430 lbs. 


per lineal inch as noted. 

An examination of Fig. 816 will show that the horizontal shear 
is quite uniform from one end of this girder to the other. Therefore, 
if an arrangement of welding is devised that will resist 3400 lbs. per 
lineal inch for 480 lineal inches or a total of 1,630,000 lbs. for the 


length of the girder, there will be no sliding between web and flanges. 
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A 54" shielded arc fillet has a value of 3750 lbs. per inch. Two 
such fillets, 6 inches long on 12 inch centers have a value of 

7500 x 480 _ igQoooO lbs. This is the welding specified, see Fig 

2 

817, and is ample for this girder. This arrangement of welding is 
all that should be supplied — more welding is a waste of time and 
material. 

As stated previously, the duty of the bearing stiffeners is to take 
the end load of the girder out of the web into the supporting column 
(or to take a concentrated load in to the web, as under the center 
concentration). Therefore the welds which connect the end stiffeners 
to the web must be able to take 189,000 lbs. out of the web. Fillet 
welds 4" x //', 12" o.c., are specified, aggregating 96 lineal inches 
with a value of 2500 lbs. per inch or a total capacity of 96 x 2500 = 
240,000 lbs. (The outside of the end stiffeners is butt welded to the 
end of the web.) A similar arrangement is shown for the bearing 
stiffon p-r under the 350,000'lb. load. The intermediate stiffeners are 
t acked to the girder web to insure a tight setup. Both they and the 
bearing stiffeners are fulbwelded (see Fig. 817) to the flanges to facilitate 
the shop welding. 

Fig. 818 shows a 40-ft. girder intended to carry a load of 720,000 
lbs. distributed, or 18,000 lbs. per lineal foot. 

Proportions: The bending moment is maximum at the center and 
amounts to 3,600,000 ft. lbs. To resist this moment, a section con' 
sisring of a 50" x % 6 " web plate and 18" x 2/z" flanges is provided. 
The moment of inertia of this section is 66,600 and its moment capacity 
is 


M = 18, i2x X 27^ 6 ~ Q = 3 ’ 633 > 000 ft lbs - 

At section X Fig. 819, the bending moment due to the loading is 

M = 360,000 x 6V 4 — 18,000 x = 2,020,000 ft. lbs. 

A 


A section consisting of a 50" x 5 /&" web and 18" x l/z" flange 
plates has a moment of inertia of 42,280. The maximum flange stress 
is then 


f = 


2,020,000 x 12 x 26]/ 2 
42,280 


= 15,200 lbs. per sq. in. 


This is also the stress resisted by the butt weld in the bottom flange, 
a reasonable value for a shielded arc weld in tension. 


At section T, the moment is 


360,000 x 8]/z — 18,000 x 


(8K2) 2 

2 


*= 2,410,000 ft. lbs. 
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If the top flange plate is made 18" x V/ 2 " from this point to the 
end of the girder, the bottom flange plate being here 18" x 2 1 / 2 // » Fig- 
822, the center of gravity of this section is 22.323" up from the bottom 
and the moment of inertia of the section is 50,980. 

The maximum top chord stress is 


2,410,000 x 31.677 x 12 
50,980 


17,970 lbs. per sq. in. 


taken in compression by the top chord butt weld, and the maximum 
bottom chord stress is 


2,410,000 x 22.323 x 12 
50,980 


12,664 lbs. per sq. in. 


The function of the end stiffeners is to transmit 360,000 lbs. out 
of the web into the supporting column. Braced by the cross plates 
at mid height, the effective length of these stiffeners is 25 inches. 
As a column, an 8"x 1 % 6 " plate 25 inches long has a radius of 
gyration of 0.27 and a stiffness ratio of 93, corresponding to an allow- 
able A.I.S.C. column stress of 12,158 lbs. per sq. in. The total carry- 
ing capacity of the four 8" x stiffeners is then 

4 ^ 8x-|-j xl2,158 = 364,700 lbs. 

The intermediate stiffeners serve to brace the web against lateral 
flexure and help to bring to the web their share of the 18,000 lbs. 
per ft. uniform load. Stiffener spacing is found from the A.I.S.C. 
formula: 

s=85t V 18.000A-Y 


where s = spacing of stiffeners 

A = Area of web plate cross section 
V = vertical shear at the section being considered 
t = thickness of web plate 
At the ends, V = 360,000 lbs., whence 

_ ^ 5 V 18,000 X (50 xH)— 360,000" _ 

8 8>X 8 360,000 ° ‘ 

At section T, the shear is 360,000 — 18,000 x 8^ = 207,000 lbs. 

The web is here made thick so the stiffener spacing becomes 

7 V 18,000 x (50 x %e) — 207,000 
* =85, T6 20W0 = !6 ’ 

From the above, it is apparent that the general stiffener spacing 
for this girder is from 3 ft. to 4 ft., as indicated. The maximum load 
that may be considered brought into the web by each pair of inter- 
mediate stiffeners is therefore about 4x 18,000 lbs. or 72,000 lbs., an 
amount readily handled by the arrangement indicated. 
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As previously mentioned, the purpose of welding the flange plates 
to the web is to resist the horizontal shear stress that arises between 
flange and web when the girder is loaded. If properly designed, the 
welding will be uniform if the slippage tendency is uniform. But 
if the longitudinal shear varies materially from section to section, 
so should the welding. Near the ends of the girder. Fig. 819, the 
shear intensity per lineal inch of girder is 


360,000 x 27 x 25^4 
42,280 


= 5,920 lbs. per in. 



To the left of Section X, the vertical shear is 360,000 — 18,000 x 
6^4 = 238,500 lbs., whence the longitudinal shear intensity between 
web and flange plates is 
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T 238,500 x 27 x 25% ^ 1t 
L 42^280 = 3 ’ 92? lbs ' P6r m ‘ 

It will be noted that this is much less than six feet away, at the 
ends of the girder. This difference should be apparent in the welding 
used. 

To the right of section X, the girder section is as shown in Fig. 
821. The shear intensity of the top flange plate is 

T _ 238,500x27x30.45 _____ lt _ . 


53,160 


= 3,688 lbs. per in. 


while the shear intensity of the bottom flange plate is 


238,500x45 x21.55 
53,160 


= 4,358 lbs. per in. 



GlRDLR iLCTlON LFFECTIVE, GIRDtR 
TO RIGHT OF SLC\ X A1 JfCTlON Y 
Mom’t. of inertia 33160. Mr. of Inertia 30S80. 


Fig. 821. Fig. 822. 


At section T, the vertical shear is 360,000 — 1 8,000 x 8J4 = 207,000 
lbs. To the left of section T, the intensity of top flange longitudinal 
shear (Figs. 819 and 822) is 


207,000x27x 30.927 
50,980 


3,390 lbs. per in. 


while the intensity of bottom flange longitudinal shear is 

T 207,000x45x21.073 * 1t _ 

L = 2 = 3,850 lbs. per m. 

50,980 F 

To the right of section T, the intensity of longitudinal shear 
for both flanges (Fig. 819) is 

T 207,000x45x2614 n 
L= 66,600 = 3,670 lbs. per in. 


= 3,670 lbs. per in. 
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At sections P, Q and R, the longitudinal shears are respectively 2,235, 
1,435 and 638 lbs. per lineal inch. 

It will be noted that the longitudinal shears — which govern the 
web'tO'flange welding — decrease in this girder from 5,920 lbs. at 
the ends to 638 lbs. near the center and to zero at the center. 

To resist the end longitudinal shear of 5,920 lbs., Fig. 820, a pair 
of %0 /A fillets (shielded arc value 6250 lbs. per in.) is employed and 
continued to section M, four feet from the girder s ends. At this 
section, the longitudinal shear. Fig. 819, is 4,737 lbs. A pair of J4" 
fillets (shielded arc value 5,000 lbs.) is now provided and continued 
for a distance of 6'6" to section 7s[. Beyond section ?{, pairs of inter' 
mittent /t,” fillets are used, the length and spacing varying in propor' 
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tion to the drop in the shear. For instance, between sections P and ^ 
the slippage may be figured conservatively as 2,235 x 30 = 67,050 lbs. 
Using two /$” fillets (value 5,000 lbs. per in.), the length of fillet 

required =13.4" or two 7" x J4" double fillets as shown. 

By proportioning the welding to the actual shears, all superfluous 
expense and time waste are avoided. 

The four 8"x 15 /iq" end stiffeners are each required to transmit 
90,000 lbs. from girder web to column. The 52 inches of fillet 
(shielded arc value 1,875 lbs. per in.) connecting each stiffener to 
the web have a value of 52 x 1,875 = 97,500 lbs. The intermediate 
stiffeners, carrying a possible load of 36,000 lbs. each require twenty 
inches of fillet; a total of twenty-four inches is called for in 

Fig. 820. 

The splice bar at section T together with the transmission of stresses 
at this section will now be analysed. 



Jection AA 

Fig. 824. 


At section T, Fig. 823, both the top flange and the web change section. 
The bottom flange is continuous through this section; consequently 
the stream of tension lines carries on uninterruptedly as indicated 
in Fig. 824. The top flange changes from 18" x 2 / 2 " to 18" x l 1 //'. 
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The shaded portion of the plate is out of action. The compression 
stress lines in the 2 l / 2 " plate converge to meet the stress lines from 
the lJ/ 2 " flange as shown. 

The function of the web is a dual one: 

(a) It carries its share of the bending moment stresses; 

(b) It carries most of the shearing stresses. 

At section T, the web splice must be designed with due regard 
for both kinds of stresses. At this point, the web thickness changes. 
A convenient way of splicing the two webs is shown in Fig. 824. 
It consists of an 18" x 5 A>" transverse bar properly welded to the 
two web plates and to the flanges. This bar also serves as a stiffener 
plate. 

(a) Bending moment stresses in the web: Above the center of 
gravity, the bending moment stresses in the web plate are horizontal 
compression forces; below the center of gravity, they are horizontal ten' 
sion forces. At the center of gravity, the horizontal force is zero. 
The amount of horizontal force to be resisted at any point by the 
weld is given by the formula: 

r __ Myt 

I 

where f = the force per inch of girder height; 

M = the moment at the section in inch pounds; 
y = distance in inches above (or below) center of gravity to 
point where horizontal force is wanted; 
t = web thickness (exclusive of any part not in action) ; 

I = moment of inertia of the entire girder section. 

From the above formula, the force per vertical inch at a number of 
points in section Y is calculated and indicated in Fig. 828a. These tension 
and compression forces must be resisted by the welds. See Figs. 825 and 
826. In Fig. 825, the webs are butt'welded to the 18 "x34" bar. The 
horizontal forces flow directly from one web plate to the other through 
the welds and through the splice bar. 



Fig. 825. 
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17,100 lbs. per sq. in. At the same point in the web, the weld stress on 


section R'R is 


7475 

34 


= 12,000 lbs. per sq. in. At the bottom of the web. 


4920 

the weld stress on section S'S is — 77 — = 11,250; on section R'R it is 

716 

4920 

— — == 8000 lbs. per sq. in., and similarly for other points in the web, 
78 


Fig. 828a. These tension and compression stresses are pulling or pushing 
horizontally on sections R'R and S'S. 

In Fig. 826, the webs are fillet'welded to the splice bar. The horizontal 
forces are forced to take a curved path through the fillet welds, as in' 
dicated. With Yi” fillets, the horizontal weld stress per vertical inch at 
the top of the weld on both sections R'R and S'S is, as usually calculated: 


- — 77 = 777 = 10,600 lbs. per sq. in. 

2xJ/ 2X .707 r 

Ten inches above or below the center of gravity, the fillet weld stress 
is: 

7 - — - — == 3500 lbs. per sq. in. 

2xJ4x .707 r n 

By changing the form of the fillets from that illustrated in Fig. 827a, 
to that shown in Fig. 827b, the flow of stress lines can be considerably 
improved. (See Page 69.) 
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(b) Shearing stresses in the web: The vertical shear on section Y is 
207,000 lbs. per sq. in., downward on the right of the splice plate and 
upward on the left. This shear is not uniform from top to the bottom of 
web plate but increases from the plate’s edges to the center of gravity of 
the girder as shown in Fig. 828b. The amount of vertical shear is found 
by the s am e formula as is used to find the amount of horizontal shear at 
any point, viz. : 

L = — where 

L = the desired shearing intensity (pounds per lineal inch of girder) ; 
S = Vertical shear AT THAT SECTION; 

A = Area of flange AT THAT SECTION; 

d = distance from the center of gravity of girder (wherever the center 
of gravity may be) to center of gravity of flange; 

I = Moment of inertia AT THAT SECTION; 

since the intensity of horizontal shear is equal to the intensity of vertical 

shear at the same point. 

In section S'S, Fig. 825, at the top of the web, the weld stress is 
~ — = 7750 lbs. per vertical in. (lbs. per sq. in.) 

Ae 

At the center of gravity, on S'S, the weld stress is 

^2.= 9^00 lbs. per vertical in. (lbs. per sq. in.) 

Ylb 

3390 

In section R'R f at the top of the web, the weld stress is-rr— = 5430 

78 

lbs. per sq. in. and at the center of gravity it is ^ -= 6720 lbs. per sq. 
in. 

In sections R'R and S'S, Fig. 826, at the top of the web, the shearing 

3390 

stress on the JAin. welds is - — r ? — = 4800 lbs. per sq. in., while 

2 x /2 x .707 



u ^ . 
1-0 


Fig. 828. 
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4200 


at the center of gravity, the stress on the Yi'i n. welds is 2 x 1/ 2 x 707 ~~ 

6000 lbs. per sq. in. All of these shearing stresses are slicing vertically on 
sections R-R and S-S. 



Fig. 829 shows a 40 ft. girder supporting two 312,000 lb. concentrated 
loads and a uniformly distributed load of 700 lbs. per linear foot. 

Proportions . — Referring to Fig. 830 the maximum bending moment 
is found to be 3,621,800 ft. lbs., and is located at the right-hand con- 
centration. A girder having a 50" x % 6 " web and 18" x 2y 2 " flange 
plates has a moment of inertia of 66,560 and a resisting moment of 
3,633,000 ft. lbs. at 18,000 lbs. per sq. in. maximum fibre stress. There- 
fore this section is used at the point of maximum moment. 

The reaction at the right end is 263,600 lbs. On the basis of a shear- 
ing allowance of 12,000 lbs. per sq. in., a 50" x web has a shear 
value of 263,000 lbs. and the stiffener spacing is 

S = 85x% 6 V 18000 (50x% 6 )— 263600 ___ 

263600 

Fig. 830 gives the moments and shears at a number of sections. The 
shear between the concentrations is relatively low; it increases from 
58,200 lbs. to 71,850 lbs. The % 6 " web with stiffeners on about 4 ft. 
centers is ample for those stresses. At the left concentration, the shear 
steps up abruptly to 384,200 lbs. and rises slowly to the left reaction 
where it reaches its maximum value. A 50" x we b has a shear 

value of 412,000 lbs. and requires a stiffener spacing of 45". The splice 
between the two webs is made just to the right of the left concentration 
where the shear is 71,850 lbs. 

Nine feet from the left end, the moment is 2,531,250 ft. lbs. 

Nine feet from the right end, the moment is 2,344,000 ft. lbs. 




Fig. 830, 
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If the top flange plates are here made 18" x 1 54", the girder section 
appears as in Fig. 832. The center of gravity is 23" from the bottom 
and the moment of inertia of the section is 53,130. The resisting moment 
of the girder in compression is 


18000x53130 

M 12 si 1)4 


2,565,000 ft. lbs. 


The maximum stress on the compression butt welds is 


f __ 2,531,250 x 12 x 31J4 
53130 


17,750 lbs. per sq. in. 


The heavy bottom flange plate is made longer than the top flange in 
order to restrict the maximum fibre stress on the tension butt welds to 
16,250 lbs. per sq. in. or less. 

If a girder section made up of 18" x 1 54" top and bottom flange plates 
and a 50" x web is chosen, as in Fig. 830, the moment of inertia is 
43,600 and the maximum tension will be 15,600 lbs. per sq. in. where 
the moment is 


15600x43600 

12x2654 


2,125,000 ft. lbs. 


Eight feet from the right end, the moment is 2,086,000 ft. lbs. The 
extreme tension on the butt welds is then 


2,086,000x2654x12 

43600 


15,325 lbs. persq. in. 


Five feet, nine inches from the left end, the moment is 2,223,500 ft. 
lbs. Here the web is 50" x 1 34e"; the moment of inertia is 46,160 and 
the maximum tension on the left end butt welds is 


2,223,500x 12x2654 

46160 


= 15,400 lbs. per sq. in. 


The left end stiffeners are required to transmit 388,400 lbs. out of 
the girder web. Braced at mid'height, as shown in Fig. 831, the A.I.S.C. 
allowable column unit stress for 8" x 1" stiffener plate is 12,706 lbs. 
Hence, the value of the four stiffeners shown is 407,000 lbs. 

At the right end, the four 854" x 54" bars have a value of 
4 (854 x 54) 10376 = 264000 lbs. 

Under the 3 12,0004b. concentrations, the 8" x 54" stiffeners distribute 
the loads to the web. Their value is 

4(8x54) 11654 = 326000 lbs. 

At the left concentration, the splice plate is made 18" x 54" so it can 
act as a stiffener at the same time. 

The amount of longitudinal shear, L, between the flanges and the 
web is indicated at a number of sections in Fig. 830. To the right of the 
right concentrated load, the longitudinal shear is in the vicinity of 4,500 
lbs. per linear inch and this is resisted by two continuous 54" fillets with 
a shielded arc weld value of 5000 lbs. per linear inch. 
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Fig. 831, 
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To the left of the left concentration, the longitudinal shear is about 
6,300 lbs. per linear inch, resisted by two continuous fillets with a 
shielded arc weld value of 7500 lbs. per linear inch. 

Between the two concentrations, the longitudinal shear is of low value, 
ranging from 1000 to 1200 lbs. per inch. Fig. 831 shows 3 " x J4" tack 
welds, 12 " on centers, which is ample with proper welding procedure 

Each of the left-end stiffeners is required to transmit 97,000 lbs. to 
the web. The value of the 44" of ^ 4 " fillet is 44x2500 = 110,000 lbs. 

At the right end, the stiffeners are proportioned for 66,000 lbs. The 
value of 40" of % 6 " fillet is 75,000 lbs. Under the concentrated loads, 
each stiffener is required to carry 78,000 lbs. into the web. The 34 " of 
J4-" fillet welds will handle 34 x2500 = 85,000 lbs. The intermediate 
stiffeners are 8 "x 54 " bars, tack-welded as shown. 

Fig. 832 is a section on line X X, Fig. 831, six and one-half feet from 
the left end of the girder, alongside the splice plate. At this section, the 
shear is 71,850 lbs. and the moment is 2,353,000 ft. lbs. The center of 
gravity is located 23" from the bottom of the lower flange plate. The 
moment of inertia is 53,130. 

Just under the top flange, the horizontal compression across the splice 
is 


. 2,353,000 x 12 x29J/ 2 x% 6 

53130 


= 6850lbs./sq. in. 


This stress diminishes to 4760 lbs./sq. in. at a point above the 

center of gravity and keeps on diminishing until it is zero at the center 
of gravity, as shown in Fig. 833. 
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Fig. 833. 


Just above the bottom flange, the horizontal tension across the splice is 


2,3 53,000 x 12 x20J4x % 6 
53130 


= 4760 lbs./sq. in. 


This stress decreases to zero at the center of gravity. Fig. 833. 
Referring to Fig. 832, the greatest intensity of vertical shear is op- 
posite the center of gravity and amounts to 

L = 71850 x 54 x 19.82 71850 x 42.15 x 25.54 , , ^ „ 

. -Jim !5l30 " M,oh 


per vertical inch. 
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This is noted in Fig. 833. The % 6 " web plate is butt-welded to the 
splice bar. This weld has a shielded arc tension value of x 16250 = 
7100 lbs. per vertical inch which is well in excess of the maximum 
horizontal tension just above the bottom flange. The butt weld has a 
shielded arc compression value of x 18,750 = 8200 lbs. per vertical 
inch, or 19% in excess of the horizontal compression directly below the 
top flange. 

The stresses in the butt welds that connect the lx /\§” web are the 
same as those in the weld opposite, connecting the we k* Therefore, 
the welds must be of the same strength on either side of the splice bar. 
Referring to Fig. 833, the two J4" corner butt welds connecting the 
i^ 6 " web t0 tiie s P lice bar, are fofty ec l ual tlle butt weld opposite. 

The forty foot girder shown in Fig. 834 carries a concentrated load 
of 990,000 lbs. and a distributed load of 700 lbs. per linear foot. 
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Proportions . — On the basis of an allowable shear of 12,000 lbs. per 
sq. in., the left end reaction requires a 50" x 1J4" web. The shear at the 
right end, 119,200 lbs., and all the way from the right end to the con" 
centrated load, is comparatively low. A 50" x Y%” web is used as it offers 
a good relation of height to thickness. 

The maximum moment occurs under the concentrated load and 
amounts to 3,813,600 ft. lbs. A girder comprising a 50" x 1 Yz” web and 
18" x 2J4" flange plates has a moment of inertia of 70,850 and a resisting 
moment of 3,900,000 ft. lbs. at 18,000 lbs. maximum bending fibre stress. 
At section “A,” the web plates are spliced. The moment here is 3,240,000 
ft. lbs. A girder consisting of a 5 0" x web and 18"x 2J/4" flange 
plates has a momeht of inertia of 59,150 and a resisting moment of 

3.250.000 ft. lbs. at 18,000 lbs. maximum fibre stress. 

At section “B,” Fig. 835, the moment is 2,451,000 ft. lbs. The top 
flange section here changes to an 18" x 1 24" plate, the bottom flange re" 
maining 18"x2J4" (See Fig. 836). The center of gravity of this section 
is 2 3 up from the bottom of the girder; the moment of inertia is 

50.000 and the compression resisting moment is 2,495,000 ft. lbs. at 

18.000 lbs. maximum fibre stress. 
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At section “C,” Fig. 835, the moment is 1,658,000 ft. lbs The top 
flange now becomes an 18" x 1" plate as shown in Fig. . 8 37, _ the center 
of gravity is 22 J4" up from the bottom; the moment of inertia is o j,8uu 
and the compression resisting moment, at 18,000 lbs. maximum nbre 
stress, is 1,662,000 ft. lbs. 
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At section “D,” Fig. 835, the moment is 2,093,000 ft. lbs. The bottom 
flange is made 18" x 154" like the top flange. The moment of inertia of 
the girder at this section is 43,000. The maximum allowable tension stress 
on the bottom chord butt welds is 15,600 lbs. per sq. in. For a moment 
of 2,093,000 ft. lbs. 


ft = 


2,093,000 x 12x2654 
43,000 


15,560 lbs. persq. in. 


At section “E,” Fig. 835, the moment is 1,327,000 ft. lbs. The bottom 
flange is now made 18" x 1". The moment of inertia of this section is 
27,300 and the maximum stress of the bottom chord welds is: 


1,327,000x12x26 

27,300 


15,200 lbs. persq. in. 


With an unsupported length of 25" the four 854" x 2" stiffeners 
under the concentrated load (Fig. 838), have a stiffness ratio of 43 with 
a corresponding carrying value of 4 (854 x 2) 15,000 = 990,000 lbs. 
The same stiffeners are used for the left end reaction. At the right hand 
reaction, 8" x iy 16 " stiffeners with a stiffness ratio of 125 are used. Their 
carrying capacity is 212,000 lbs. 

For intermediate stiffeners, whose function is to stiffen the web and 
to square up the girder before the flanges are welded to the web, 8" x Y&" 
plates are chosen and are connected on as shown in Fig. 838. 

Fig. 835 shows the longitudinal shear between the flanges and the 
web at a number of points. From the right end support to the concent 
tration, this shear varies slightly and is approximately 2000 lbs. per lineal 
inch for which 6" x !4" fillet welds, 12" on center, are provided. 
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From the concentrated load to the left end, the longitudinal shear is 
about 13,400 lbs. per lineal inch. A shear of this intensity is best handled 
by butt welds. Fig. 838 shows the top and bottom of the V/i" web 
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beveled and connected to the flange plates by two half 'inch butt welds 
having a value of 2 x 14300 x}4 = 14,300 lbs. per lineal inch. 

The stiffeners under the concentrated load carry 990,000 lbs. into 
the web. Fig. 838 shows a total of 288 lineal inches of 3 /&" fillet weld 
which, at 3750 lbs. per inch, have an aggregate value of 1,080,000 lbs. 
The same welding is used over the left support, the end stiffeners being 
beveled on the back edge next to the web to receive butt welds. 

At the right end, the four stiffeners transmit 119,200 lbs. from the 
web to the support by means of 3" x J4" tack welds, as shown. This 
same welding is used for the intermediate stiffeners. 

Referring to Fig. 839, the web splice is made at section “A”, 10'-3" 
from the left end of the girder, where the shear is 98,400 lbs. and the 
moment is 3,240,000 ft. lbs. At the top of the web, just under the top 
flange and at the bottom of the web where it joins the bottom flange, the 
horizontal stress transmitted across the splice is 


^ 3,240,000 x 12 x 25 x% _ 615Qlbc 



The stresses carried by the X±/-£* web are the same as those in the Y&" 
plate across the joint. Figs. 838 and 839 show the lJ/ 2 " web butt-welded 
to the splice bar by two Z4* welds. 

As pointed out previously, lines of stress are carried more directly 
across a splice by butt welds than by fillets; they are therefore preferable 
to fillets for important connections. 

J^otes on Design — The top and bottom flange sections of the girders 
discussed in the previous pages are not changed in the same vertical sec- 
tion because the allowable tension and compression stresses on welds are 
different. For instance, in Fig. 823, the bottom flange changes from 
18 x lJ/ 2 " to 18 x l/i" at section X with a maximum tension weld stress 
of 15,200 pounds per sq. in. The top flange changes section at section Y 
with a maximum compression weld stress of 17,970 pounds per sq. in. 

A design of this kind gives rise to an unsymmetrical girder section — 
as between sections X and Y, Fig. 823 — one flange being heavier than 
the other. 
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At any section, symmetrical or unsymmetrical, the neutral axis of a 
girder is always located at the center of gravity of that section. In a 
symmetrical section, the neutral axis is located at the middle of the web 
since that is the location of the center of gravity of a symmetrical section. 
In an unsymmetrical section, the neutral axis is located away from the 
center-line of the web, nearer to the heavier flange because that is the 
location of the center of gravity of an unsymmetrical section. The shift 
in the position of the neutral axis is gradual because the position of the 
true center of gravity of section shifts gradually. By true center of gravity 
is meant the center of gravity of a section from which has been removed 
any and all parts (such as hatched portions of Fig. 840) wherein no stress 
lines flow. 

Fig. 840 is an enlarged view of that portion of Fig. 823, between sec- 
tions X and Y. To the left of section X, the girder is symmetrical and 
the neutral axis is on the center line of the web, as shown. At section X, 
the bottom flange increases from 18 x l l / 2 " to 18 x 2 J/ 2 "; but, as the lines 
of stress flow in smooth curves, the full effect of the increased plate thick- 
ness is not in use until section Xi has been reached; the shaded part of 
the 18x 2 J/ 2 " flange is not stressed and could be eliminated. At section 
Xi, the position of the neutral axis is 4.7" below the center line of the 
web, at the center of gravity of the unsymmetrical section. Between 
sections X and X x the neutral axis drops gradually as the effect of the 
greater bottom flange thickness is increasingly felt. Between sections Xi 
and Y, the neutral axis keeps on descending due to the gradual change in 
effective section of the web which is Y% n thick at section Xi and at 
section Y; this is shown by the variation of the moment of inertia which 
is 53,160 at section Xi and 50,980 at section Y, the flanges remaining 
unchanged. The shaded part of the web, section A- A, Fig. 840, carries 
no stress due to bending. 

At section Y, the top flange plate is enlarged; as the full value of this 
larger plate becomes effective, (at section Yi) the center of gravity of 
each successive intermediate section between Y and Yi rises and the 
neutral axis follows, resulting in the curve shown in Fig. 840. 

At section X, the longitudinal shear is exactly the same on both sides 
of the section line, 3,925 pounds, at both top and bottom of the web plate. 
At section Xi, the values 3688 and 4358 are given in Fig. 823; they are 
obtained by using the vertical shear found at section X. While this is a 
customary calculation, the exact values of the longitudinal shears are a 
little less than that, due to the fact that the vertical shear at section Xi, 
about 10" farther away from the left support than section X, is somewhat 
lower than the vertical shear at section X. This statement also applies to 
section Yi as shown in Fig. 840. 

The top and bottom flange plates in the girders shown on the previous 
pages are changed as the stresses warrant. This has been done more for 
purposes of illustration than from the standpoint of economy. In short 
girders, it may be better to use a single flange plate without splice as the 
cost of fitting and welding a number of different plates to form a single 
flange may overbalance a saving in material. 

In Fig. 820, the top flange and the web plate are both spliced in the 
same vertical plane. In Fig. 831, the web plate and the bottom flange are 
both spliced directly under the left and concentrated load. Those designs 
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do not agree with the established practice in riveted girders. Some de* 
signers are not inclined to consider this good practice in welded work 
It should be observed that, in the above designs, all welds are V'butt 
welds, not fillet welds, so that the component parts are made into a one' 
piece structure. The two 27" girder sections shown in Fig. 792 were 
spliced by a vertical element consisting of a 14" H column section. At 
each column face, both flanges and the web of the girder were all spliced 
in a single vertical plane. Nevertheless, the load that caused buckling of 
the girder’s top flange caused no trouble at the splices even if they were 
located all in one vertical plane and directly at the point of loading. 
Furthermore, in Figs. 819 and 830, the web splices are butt'welded where' 
as, in Fig. 792, the flanges only are butt'welded; the webs are fillet'welded 
to the splice column. 

From the above, it is apparent that the choice of the splice joints in 
Figs. 819 and 830 will give safe and satisfactory results. The fact that 
a shielded arc welded girder is a one-piece structure without joints permits 
placing concentrated loads anywhere on the structure without regard to 
splice plates. 

It is also to be observed that welded girders being one piece structures 
without joints, the standard design formulae for girders apply more ao* 
curately to them than to riveted sections since the formulae are developed 
for jointless structures and that special considerations have to be made for 
the effect of rivets and riveting procedure. 

Welding Thin Plates to T hic\ Plates — In the preceding discussions, 
the fillet welds connecting thin web sections to thick flanges have been 
designated and calculated as standard 45 degree fillets bearing equally on 
web and flange. Actually, a good shielded arc fillet connecting a thin 
plate to a thick one will not be a 45 degree fillet. It will be a 30 degree 
fillet, which possesses more strength than the other. 

Fig. 841 shows a J4" vertical plate which is to be welded by J4" tacks 
to a horizontal plate 2" thick. Because of the great disparity between the 
thickness of those plates, the amount of welding heat that must be imt' 
parted to the thick plate is much greater than that required by the thin 


jL* 



Fig. 841. The plates to be welded — a this web and a thick flange. 
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one. If the amount of heat proper for the 2" plate were imparted equally 
to both plates, the J4" plate would be burned through because of the 
excessive heat. On the other hand, if the amount of heat proper for the 
*4" plate were applied also to the 2" plate, the weld would not penetrate 
the latter plate sufficiently for a good weld. 

Such unsatisfactory conditions would be brought about if the work 
were positioned at 45 degrees, as shown in Fig. 842. The weld would 
be a J4'M5 degree fillet; and the heat on both plates being equal, would 
have produced a poor weld. 

If that work is executed with the thin plate set vertically and the thick 
one horizontally, the electrode is pointed directly at the thick plate as 
shown in Fig. 843. The weld metal is actually pushed up against the base 
of the thin plate to a height of J4 /7 - This procedure will result in a weld 
contact %6 /7 on the 2" plate, as shown in Fig. 844, and the slope 
of the weld will be 30 degrees. 



Fig. 842. This position is incorrect tor proper penetration in plates of materially 
different thickness. 


The throat section “b”. Fig. 845, of such a fillet is 0.217" long while 
the throat section "a’' of a J4" — 45 degree fillet is 0.177" long. 

With strength values 25% above those allowed for bare wire by the 
Fusion Code, the shear value of the J4" — 45 degree fillet is 
125% (11300x0.177) =2500 lbs. per lineal inch 
while that of a J4"— 30 degree fillet is 

125% (11300 x 0.217) = 3065 lbs. per lineal inch, 
which is 23% greater. 

It follows that, if the web plate and flange plates of a girder are of 
equal thickness, which is a rare condition, the welding of web to flange 
plates will be most effectively done with the girder web at a 45 degree 
angle with the floor of the shop. 
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It is therefore cheaper, from the standpoint of shop positioning, to 
design girders with relatively thick flange plates and a thin web so that 
the best welding results will be obtained by setting the web in its normal 
position, vertical. Another benefit from this set-up is that two welders 
can work simultaneously on opposite sides of the web thus evening up 
contraction and avoiding lateral warping of the girder. 




Fig. 844. The result. Good penetration in both web and flange. 


The most practical position of a girder while welding stiffeners is to 
have the web positioned flat, i.e., parallel to the floor of the shop. The 
stiffeners used solely for web stiffening are generally of about the same 
thickness as the web and the connection of such stiffeners to the web is 
made by small tacks. Such welds present no difficulty. The welds -that 
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connect such stiffeners to the flanges are important as their duty is to keep 
the flanges square with the web while the girder is being welded. 

Inasmuch as these welds generally connect a thin stiffener to a thick 
flange, the disparity of plate thicknesses affects the welding procedure. 
The welding is now vertical; the electrode. Fig. 846, is pointed at the 
thiVlf flange and the weld metal pushed over to the thin stiffener while the 
electrode moves up the joint from the web to the top edge of the stiffener. 
Thus, a broader bearing of the weld is obtained on the thick flange than 



Fig. 845. With a longer throat section, the 30’ weld has greater strength. 


on the thin stiffener with a corresponding proper distribution of welding 
heat for good results. 

At points of heavy concentrations, the stiffeners are often much 
thicker than the girder web and compare favorably in thickness with the 



Fig. 846. Position for welding thin web stiffener to thick flanges. 


flange plates. Welding such stiffeners to the flange plates is done while 
the web of the girder is parallel to the shop floor, as in Fig. 846. Since 
the plates are of substantially the same thickness, the electrode is pointed 
squarely into the corner formed by flange and stiffener. 
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The matter of relative heats presents itself again in welding such 
thick stiffeners to a thin web. Inasmuch as light tacks have been provided 
between web and stiffeners while the girder web was parallel to the shop 
floor, the welding called for in the design between web and stiffeners will 
be done in a vertical position, with the web perpendicular to the floor. 




Fig. 847. Position for welding thick stiffener to thin web. 


As shown in Fig. 847, the electrode is pointed at the thick stiffener and 
the molten metal is pushed over, the specified amount, on the web, the 
heat being concentrated on the thicker element, the stiffener. 

The following tests illustrate the strength and reliability of tack welds, 
connecting thin plates to thick plates, made as described previously. 

A specimen consisting of a 24" vertical plate tack welded to a horh 
zontal plate 2" thick was prepared, as shown in the sketch. Fig. 848. 



Fig. 848. 
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There were four tacks, each one a 14"— 30 degree weld 2 long, bear' 
ing 14" on the plate and % 6 " on the one 2" thick. 

After the base of the specimen had been butted against a stop, eleven 
blows of a long'handle 20 'pound sledge hammer, wielded with great vigor 
and dexterity, were delivered to the lower edge of the plate in an 
endeavor to shear off the tack welds. The end of the plate was de' 
formed by the hammer blows (Fig. 849) but the welds were unaffected. 






DESIGNING OF ARC WELDED STRUCTURES 


617 


The specimen was then turned around 90 degrees and again butted 
up against the stop, as shown in Fig. 850. The same 20 lb. sledge was 
brought again into play. This time, eight crashing blows were admin- 
istered transversely to the plate in exactly the position shown in Fig. 
850, and directly between the tack welds. 



Fig. 851 shows that the plate bent, curving even through the welded 
areas, but the welds were unaffected. 

Another specimen, as shown in Fig. 852, was prepared for a quan- 
titative test. It consists of an 8" x J4" web 12" long secured to two 
6" x 2" flanges 12" long, by eight !4" — 30 degree tacks bearing J4" on 
the web and % 6 " on the flanges. 

The specimen was placed in a 3 00,000 lb. testing machine. At a load 
of 73,000 lbs. the 14" web curled over to one side as shown in Fig. 853. 

The web plate was then hammered back into its original position. 
Two 6" x plates were plug-welded on to the web and the assembly 

put back into the testing machine. This time, the beam of the machine 
dropped at 183,000 pounds. 

An examination of Fig. 854 shows the manner of failure: at “A” and 
fc TT the web plate has tom loose from the welds so that daylight may be 
seen through the separation. The web plate is cracked at points “C” and 
“D.” The vertical movement of the web, slipping away from the bottom 
of the tacks is clearly visible at points “E,” “F," “G ” “H ” 
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The specimen was not prepared with any particular care, it being 
desired to test every day practice. It was welded in nine minutes. 

As previously stated, a safe value of 3,065 lbs. per lineal inch was 
assigned to J4" — 30 degree tacks. The tested specimen had 20 lineal 
inches of such welding, or an aggregate value of 61,300 lbs., just one' 
third of the load that caused failure of the web plate. 

It was observed that the web had buckled very perceptibly directly 
over the top of each tack: this is not brought out by the photograph. 
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Fig. 854. 


Crane Columns and Connections. — In Fig. 855 is illustrated the 
design for an arc-welded crane column of the usual set-back type, which 
furnishes a direct seat for the crane girder as well as for the roof trusses, 
lintels, girts and braces in their respective positions. Close inspection of 
Fig. 855 and the details, Figs. 856, 857 and 858, will reveal the extreme 
simplicity of the arc-welded design. 

The detail of the set-back shown at A, Fig. 855, is given in Fig. 856 . 
The upper and lower column sections are separated by a plate which 
forms a cap for the lower section and a base for the upper one. The two 
sections of the column are shop-welded to this plate and thereby to each 
other. These welds, as indicated in the drawing, Fig. 856, are adequate 
to resist the usual bending strains which may be expected at the junction 
of the two column sections. The same plate forms the seat for the crane 
girder. Gusset stiffeners support the plate’s projection beyond the inner 
flange of the lower column section and also the inner flange of the upper 
column section. 

Fig. 857 shows the detail at B, Fig. 855. This drawing clearly shows 
the plate stiffeners arc welded to the column and base plate, also the 
method of anchorage which utilises these stiffeners. 

Any steel frame must be plumbed and squared before it is fixed in 
position; therefore, means must positively be provided to permit this to be 
accomplished. For this reason. Fig. 856 shows bolt holes in the crane 
girder seat, and Fig. 858 shows bolt holes in the column cap and in the 
bottom chord lug angle. By means of these holes, the crane girder. Fig. 
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Fig. 855. 


856, is field bolted to its seat, and the truss is bolted to the column cap 
and to the bottom chord lug. This permits the column to be pulled into 
line and plumbed, and allows the whole structure to be squared and 
cabled in correct position before proceeding with the erection of the girts 
and other minor members and with the field welding. This procedure is 
necessary for any structure, riveted or welded. 
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A craneway is subjected to considerable vibration from crane opera- 
tion; therefore, the bolted connections should be supplemented with fillet 
welds to make those connections rigid. 

The crane rails should never be welded to the supporting girders, but 
hook-bolted thereto in order to allow for adjustment, as required by wear, 
temperature effects and other causes. 

In mill buildings, the principal longitudinal force to be resisted is 
caused by crane operation. Therefore, generally, some longitudinal brac- 
ing between the crane columns is desirable. This may consist of suitable 
rods, set in slots made with a flame cutter in the crane column webs, or 
it may consist of tie-angles placed X-fashion between occasional pairs of 
adjacent columns. These are field-welded to them by means of shop- 
welded clips attached to the column webs near the girt and strut connec- 
tions which then become the horizontal members of the bracing systems. 

Fig. 859 shows the connection of the lintel beam shown at D, Fig. 855, 
to the crane column. A shop -welded seat angle is provided which locates 
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the beam vertically. The web of the lintel beam fits right up to the face 
of the outside flange of the column which locates the beam sideways. The 
flange-notches locate the lintel beam between the columns. 

As soon as the beam is set, it is tack-welded in place, the final weld' 
ing to the column being done later. Or the seat angle may be made 
longer than shown and the lintel connected to that seat by two bolts 



and, later, field-welded. The same figure shows the lintel plate and 
sash angle, both of which are tack-welded at the shop to the bottom 
flange of the beam. 

Fig. 860 shows the connection of the sash girt pictured at E, 
Fig. 855, to the crane column. The girt is composed of a horizontal 
channel wind stiffener and a sash angle, shop-welded together. The 
seat angle under the channel locates the girt vertically; the clip at 
the right of the channel locates it horizontally. The girt must fit 
between the column webs and is notched to fit around the exterior 
column flange. By making the channel a little short between the 
columns, the ends of the channel can be field'welded to the seat 
angle. 

Fig. 861 shows the connection of the column strut shown at F, 
Fig. 855, to the crane column. The strut consists of two channels 
tack-welded together at the shop. The strut fits between the column webs. 
It is located vertically by the seat and horizontally by the vertical clip 
shop-welded to the column. 

In designing details for arc-welded connections, care should be taken 
to locate them so- that the members will automatically be erected in 
exact position. Wherever possible, the field welding should be arranged 
so that it may be done downward or vertically; welding upward can 
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be done satisfactorily, but it is slower. The detail drawings should 
show the assembly of the various members which frame to each 
other, so that the erectors may understand at a glance the relation 




624 


PROCEDURE HANDBOOK OF ARC WELDING 




of the different members to each other. The details described pre- 
viously are all designed so that only detail punching, that is, punching 
of small plates and clips, is required. None of the main members 
has to be hauled around the shop, the details being all brought to 
the main members and shop-welded to them. 

Trusses. — In trusses of proper arc-welded design gusset plates are 
generally eliminated. Tension members in the arc-welded design are 
lighter than those in riveted design because the cross 5 section does ribt 
have to be increased to account for rivet holes. These features of 
arc-welded truss design account for a considerable saving in steel over 
that required by riveted design. 

Arc-welded trusses may be designed in various ways using T-shapes, 
H-shapes, or U-shapes for chords. The web members are generally 
angles or channels. Some idea of the efficiency of various types of 
arc-welded truss design compared to standard riveted design may be 
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gained by direct comparison of trusses designed to fulfill identical 
requirements. 

The partial plan of a mill building. Fig. 862, shows 32-ft. lon- 
gitudinal trusses which carry ends of transverse trusses at mid-span. 
This concentrated load is 32,000 lbs. 




Fig. 863. 


From Fig. 863, it will be observed that the longitudinal truss acts 
also as a purlin because it supports, directly on its top flange a panel 
of roof decking. The latter load is distributed all along the top chord 
and amounts to about 300 lbs. per lineal foot. Figs. 864, 865 and 866 
show three different designs of arc-welded trusses which fulfill the 
above requirements. The riveted design is shown in Fig. 867. 

It should be noted that the arrangement of web members shown 
in Fig. 866 brings out a feature peculiar to welded trusses: at any 
given joint, the component of stress of a web member which is picked 
up by the next web member is transferred directly from one web mem- 
ber to the next without passing through the chord at all. This cannot 
be done in a riveted truss: all web members must be connected to the 
gusset plates for the full stress that they carry and the component 
picked up by the next web member must pass through the gusset. 




VIEW X-X. SECTION Y-Y. SECTION W-W. SECTION Z-Z , 

Fig. 840 




View A- A. Section £>-£>. Section D-D. Section C-C 
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View X-X. .Section Y-Y. View W-W. View Z-Z. 



$ Center Line 
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The Table A below shows the relative stresses m the chord members 
of the trusses, the comparative amount of welding required for each 
welded truss design and the weight of the different trusses. In addition 
to the direct stress in the bottom chord, the table also gives the maximum 
stress due to the direct stress and to a load of 500 lbs. hanging from 
the chord between panel points. 


Table A 



T-Chord 
(Fig 864) 

H-Chord 
(Fig. 865) 

U-Chord 
(Fig. 866) 

I Riveted 
Truss 
(Fig 867) 

Top chord vertical radius of 



1.22 

1.03 

gyration 

1.23 

1.49 

Top chord horizontal radius of 



2.37 

2.37 

gyration . — 

1.97 

2.58 

Allowable compression. 

11,737 

13,700 

13,150 

13,192 

Actual maximum compression. 



13,280 

13,800 

including bending 

12,100 

13,800 

Bottom chord stress for given 




16,000 

loading _ 

13,850 

11,000 

16,000 

Bottom chord stress with added 





500 lbs. hanger load 

17,300 

14,500 

20,900 

20,300 

Weight of main members 

1,392 lbs. 

1,474 lbs.' 

1,091 lbs. 

1,253 lbs. 

Weight of details...... 

58 lbs. 

51 lbs. 

89 lbs. 

337 lbs. 

Total weight 

1,450 lbs. 

1,525 lbs. 

1,180 lbs. 

1,590 lbs. 

Lineal feet of welding 

32 

27 

52 



Fig. 868 shows an 80 ft. mill roof truss of standard proportions. 
Mill trusses usually act as braces for the tops of heavy crane columns. 
The inherent rigidity of welded construction is a desirable feature 
in mill structures on account of the lateral forces due to crane opera" 
tion and to wind that have to be resisted. 

The usual corrugated iron roofing requires a steep slope: as a con" 
sequence, the center depth of this type of truss is too great to permit 
shipping the trusses in one piece. Segments AED, having a shipping 
depth of 7 feet, are shipped as a unit; the bottom chord to the right 
of joint D and the center vertical are shipped separately and assembled 
in the field before erection. The monitor is erected either as a number 
of separate members after the trusses are in place or hoisted up as a 
single unit and bolted to the truss top chord. 

Fig. 869 shows the detail of joint A, the end of the truss. To 
provide enough shearing strength, a reinforcing T, made of a section 
of 14 inch beam, is butt"welded in the shop to both the top and bot" 
tom chords. This reinforcing T is arranged to clear the roof deck. 
The end of the T’s flange is fillet"welded across the top of the top 
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Fig. 868. 
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Fig, 869. 
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flange as illustrated. This arrangement, put together in the shop, 
gives the required strength to the end of the truss without necessitating 
the use of a knee brace, which would usually come in the crane 
clearance. If the connection to the column is field-welded with the 
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shielded arc, a very rigid connection is provided. The welding of this 
type of truss consists generally of short, light fillets. Figs. 870, 871 
and 872 show the welding at joints B, C and F respectively, all short 
sections of fillets. The fact that the web diagonals connect to 
the chords at a very flat angle provides all the welding space required 
without crowding. 

Fig. 873 shows the center top chord joint: the two chord sections 


C£ 
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tics and struts are welded to the connection plate which has been 
shop-welded to one of the segments of the top chord. 

Fig. 874 shows the field splice in the bottom chord at joints D. 

Fig. 875 shows a 100 ft. roof truss of the type commonly used 
for “high-low” roof construction, viz. one or more bays with the 
roof at the level of the top chord followed by one bay at the level 
of the bottom chord. This too is a common mill roof truss, with sub- 
divided top chord panels. The chords are T sections made from split 
I-beams. The connection to supporting columns is shown in Fig. 876: 
the 5" x l/z" angles provide a seat to the column top which is a 
horizontal surface, the setting of the angles rectifying the slope of the 
top chord T. 




Fig. 877. 
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The web members consist of angle diagonals and sub-struts and 
beam sections for the main verticals. 

In this design, the main strut members are milled at each end 




639 


DESIGNING OF ARC WELDED STRUCTURES 

so as to fit snugly against the flange of the chord T’s; they are welded 
to these T flanges only. This arrangement minimises the welding of 
the main struts to the chords; permits the distribution of the welding 
heat to both flange and web of the chords at the main panel points; 
simplifies^ camber allowances at the joints and leaves plenty of room 
for welding-on the diagonals. These features can be observed by a 
study of Fig. 878, showing connections at joint C and Figs. 879 and 
880, showing the details at joints F and G respectively. 




Fig. 881 shows sub'panel joints D. A gusset plate is here 
introduced as it is the simple straightforward thing to do. This plate 
is suitably connected by fillet and buttwelds to the main diagonals 
and gives ample room for the connection of sub-verticals and sub- 
diagonals as illustrated. 

The bottom chord connection to the column seat is shown by 
Fig. 882. 
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Fig. 882. 


Fig. 883 shows the outline of an 80 ft. truss adapted to roofs with 
or without a monitor. The particular arrangement shown has no 
monitor. 
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The end diagonals, in this design, are made compression members 
order to develop a large moment capacity at the column connections 
resist side sway due to cranes or to wind or to both. 
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Figs. 884 and 885 show the supporting column notched to provide 
room for a field'welded seat at the bottom chord level, the upper 
part of the column between truss chords being T-shaped. It is evident 
that additional column stiffness may readily be obtained by providing 
a shop'welded plate to change the TVshape of the upper column section 
to an I'shape, this plate being forked at the bottom to act as a stiffener, 
replacing those shown in Fig. 884. 

The inclination of the diagonals gives a suitable amount of room 
(Fig. 886) for connections at panel points where two diagonals meet. 
At joints C, the verticals, carrying in this case only 8,000 lbs., can 
be welded between the diagonals, but (Fig. 887) there is no room 
to spare. This condition suggests, for cases where three members 
converge and where the welding of the vertical requires ample room, 
the arrangement shown in Fig. 888. The crowded condition. Fig. 887, 
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is due to the location of the point of intersection of the gravity lines 
of the bottom chord with that of the diagonals. If a compound bottom 
chord, Fig. 888, is used, which "pulls down” the chord and diagonal 
gravity line intersection, more space is obtained between the diagonals 
so that considerable welding space is obtained for the vertical. 



Figure 889 shows diagrammatically a 60 ft. truss designed for both 
top and bottom chord simultaneous loading. To obtain rigidity, the 
truss is made N'shape and has more depth than is usually given 60 
ft. trusses. Even then, the chord stresses run fairly high. 

The chords are of the double T type so as to distribute the welding 
of the web members. 



Fig. 889. 
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It is to be noted that a compression member consisting of a single 
T with a deep web provides a good welding surface for the web 
members on that deep web but such a deep-webbed T is a poor com' 
pression member if all of its cross-section is figured to take compres- 
sion. That part of the web which is within reasonable distance of 
the flange is braced, more or less against lateral flexure, but that con- 
dition does not apply to that part of the deep web which is far removed 
from the bracing influence of the flange. 

With that point of view in mind, the top flange of the truss shown 
in Fig. 889 is made up of two short-web T’s. The bottom chord is 
made up of similar sections to facilitate assembling. The verticals are 
6" x 6" columns set inside the webs of the double chord T's. The 
diagonals are pairs of angles set outside the chord webs. Occasional 
plate stiffeners should be provided between the chord T’s to keep 
their spacing constant. 



JOINT C 

Fig. 890. 


Fig. 890 shows the position of the web members and the welding 
at the top chord joints C while Fig. 891 shows the corresponding 
arrangement at bottom chord panel points B. The welding is indicated 
by the new welding symbols of the American Welding Society. 

Fig. 892 shows the relative position of chord and web members 
at the center of the bottom chord. It is to be remembered that 60 
ft. trusses are now normally shipped in one piece from fabricating 
plants. 

Fig. 893 shows a simple column connection. The column shown 
is a 10" x 8" section. A short piece of the same column section is 
shop-welded between the chord webs and field-connected, first by 
bolts, to the top of the column shaft and, later, field-welded to it. 
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The connection of the truss bottom chord to the column is similar 
to that shown in Fig. 882. 

Arc'welded trusses are very well adapted to structures where 
clean lines, light appearance and neatness are desirable. 


* 



JOINT B 


Fig. 891. 
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JOINT A 


Fig. 893. 


A truss span of 80 feet over a craneway is shown in Fig. 894. 
The truss chords are made of T’s formed by splitting I-beams lon- 
gitudinally; the web members are angles. The absence of gussets gives 
an appearance of neatness and lightness that are very pleasing. There 
is less light interference. These trusses are more than 25% tighter than 
conventional riveted trusses designed for the same duty. 
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Fig. 894. 
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Close-up view of a 106 ft. arc- welded truss, deep, weighing 

iy 2 tons is shown in Fig. 895. Both chord and web members are 
made of T sections obtained by splitting I-beams. The compact joint 
design is very noteworthy. In spite of its great size, the truss is neat 
and graceful owing to the absence of gusset plates and, again, a saving 
of more than 20% in weight is obtained over a corresponding design 
for riveting. 


Fig. 895. 

Trusses over convention halls, gymnasiums, swimming pools, recrea- 
tion rooms, auditoriums can be given graceful lines and, if arc-welded, 
provide neat outlines, pleasing to the eye and devoid of gusset plates. 
Fig. 896 illustrates this subject very well. It shows quadrangular 


Fig. 896. 
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curved bottom chord trusses supporting the roof and ceiling of a 
hospital addition. Such trusses are easy to fabricate and readily allow 
the architect to obtain very desirable outlines at no special extra cost. 

Fig. 897 left, shows a 52 ft. truss, lenticular in shape. The stresses 
are low and the welding is kept to a minimum. The chords are standard 
6 " channels bent against their axis of least resistance. The outstanding 
leg of the diagonals (at right angles to the plane of the sheet) are 
shop-welded to the web of the chord channels. The leg of the web 
angles parallel to the plane of the sheet are not welded at their ends. 
All diagonals are welded to each other at their intersections, trans- 



Fig. 898. 


ferring web-to-web stresses directly from one web member to the 
next. (See Page 625.) The typical jointing of diagonals to the chords 
is shown in Fig. 898. 

The end connection of the trusses to the columns is shown in 
Fig. 897, right: the columns are provided with a seat made from 
a half beam section shop-welded to the column. Two bolt holes are 
provided in this seat and two more in the column flange and end 
members of the trusses just below the top chord of the truss. These 
top and bottom bolts in themselves form a rigid connection of truss 
to column; this stiffness can be further increased by field-welding the 
trusses to the columns opposite both top and bottom truss chords. 

Arc-welded trusses or frames are not limited to roof construction. 
When beam spans exceed conventional limits, these welded frames 
provide an excellent substitute for heavy rolled beams, decrease deflec- 
tion and save money. 

Consider, for instance, a thirty-two foot span floor that has to 
carry 150 lbs. live load plus a four inch concrete floor slab. If the 
supporting beams are spaced 6'-9" apart, the load that each beam has 
to handle is 6 % x 32 x 200 = 43,000 lbs. This requires a 21" — 59 
lb. beam. 

The frame shown m Fig. 899 will handle this load. It weighs 37 
lbs. per foot, or 63% of the weight of the corresponding rolled beam. 

Whenever the relation between the weight of a welded frame to 
the corresponding rolled beam is of this order, the welded frame is 
more economical. 
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An exa mi nation of Fig. 900 will bring out the simplicity of the 
details. At A, the frame rests on a seat attached to the supporting 
girder. The top flange connection shown at B consists of two bolts 
fastening the seat plate, shop" welded to the frame top flange, to the 
flange of the girder. The web angle connections to the chords are 
shown at C. Such connections cost no more than riveted connections 
— in fact they cost less since they permit the use of much lighter mate" 
rial. Frames of this kind are in active service in many establishments 
and are giving first class service. 



Rigid Frame Construction. — Manufacturing requirements have re" 
cently called for a large increase in the number of buildings in which 
the roof is supported by properly shaped beams instead of by trusses. 
Trusses are in the way of certain types of equipment such as large 
presses, dip tanks, suspended ovens and conveyors, whereas shaped 
beams clear such equipment without interference and permit better 
light through the roof. 

A saw-tooth roof supported by conventional trusses is shown in 
Fig. 901. Superimposed on the truss is a shaped beam outline designed 
to support the same roof as the truss. 
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Fig. 903 shows a monitor type trussed roof and the corresponding 
shaped beam outline. It is apparent that the shaped beams do not 
increase the cubical content of the building since the roof outline 
does not change while the structural clearances limiting equipment 
and operations are greatly improved. 

A little attention to detail will often improve the general layout 
and the connections. For instance, in Fig. 901, the clumsy detail at 
the top of the columns can be improved readily by shifting the loca' 
tion of the columns six inches; the result is shown in Fig. 902. Beam 
A is connected to the column cap while beam B frames to the end of 
Beam A. 



In Fig. 903, the monitor sash is vertical. The eaves struts and 
the top of the sash struts are therefore bracketed off the hip of the 
shaped beam as indicated. 

Fig. 906' A illustrates an economical type of monitor roof made of 
two straight beams cantilevering over the column tops, the cantilever 
ends supporting a shaped beam forming the monitor frame. The field 
connections are at the points marked A. 



Fig. 904. 
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Fig. 906-B shows a monitor roof formed by a succession of straight 
and shaped beams. An abundance of light is obtained while two of 
the aisles provide liberal headroom for the accommodation of machinery 
and conveyors. The field splices are located at points B. 

Fig. 904 shows an arch type structure readily fabricated from beams 
suitably shaped and formed. The forming is simple, being limited 
to the curving of the inner flange of the column sections after this 
flange has been separated from the web by flame-cutting. A triangular 
plate is inserted between the curved flange and the beam web after 
the curving of the flange has been completed and welded all around, 
thus avoiding unsightly splice plates. 

A similar arch-type frame is shown in Fig. 905. The roof rafters 
and columns are in one piece, formed by V-notching the beams at the 
peak and at the hips, bending, welding the joints so-formed after which 
the hip joints' straight line brackets are arc-welded to each bent. 



rig. 005. 


In all shaped beam construction, the bulk of the work should 
be done at the fabricator’s shop. The erection then resolves itself 
into a simple beam and column job. This assures maximum speed and 
economy. 

The structure shown in Fig. 907 (also see Figs. 1086 to 1090 inch) 
is designed along the lines indicated by the dotted outline in Fig. 
901, and by Fig. 904. It is a fine example of modern factory construc- 
tion. The roof frame is just as clean cut as the floor frame; no 
trusses, no bracing to clutter up the graceful outline of the structure 
and, consequently, no obstruction to light nor to equipment. 

It will be observed that the rafter splice is not made on the ridge 
line but off to one side. In this way, the curved ridge work is com- 
pletely fabricated in the shop. Similarly, the curved work and rafter 
ends, Fig. 908, are shop-assembled to the columns, thus reducing the 
field work to a minimum. 
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Fig. 907 
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Fig. 908 


Note the simple, compact and efficient detail. Fig. 908, for column 
anchor bolt attachment. 

Other detail views of this building structure are shown in Figs. 
907 and 910. 
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Fig. 909. Above: "Tree form" section branching from column into root girder showing 
lattice strut. Below: Portion of steel framework of large main bay. Inset shows connec- 
tion of lattice strut to fabricated roof beam at arch. 
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Fig. 910. Above: Arc welding the rafters. Erection view In the saw tooth section. Inset 
shows detail of "tree form" connection between column and roof members. Below: 
Details of second flooring of building shown in Fig. 907. Inset "A" shows connection 
of four members to column. Inset "B" shows floor beam to girder connection. 


Fig. 912 shows a structure built according to the dotted outline 
shown in Fig. 903. These bent rafter beams are forty feet long and 
supported alternately by columns spaced forty feet apart or by longi- 
tudinal girders. Note the unobstructed view, devoid of trusses, frames 


or bracing, and the clear headroom available for machinery and con- 


veyor installations. These rafters are shop-constructed in one piece 
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and erected as plain beams with welded connections to columns or 
girders. 

The method of cutting the rafters to produce the curved bends for 
the lower joints beneath the monitors is shown in Fig. 911. The 
removed section of top flange and large upper V-section of web are 
shown in the foreground, together with the small truncated web 
section with curved sloping sides adjacent to the bottom flange. When 
the rafter is bent, the two curved cuts of the web roll on die bottom 


Fig. 911. 


Fig. 912. 
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flange as the upper flange sections come together, giving the desired 
bottom flange curve. A detail of a completed lower curved joint is 
shown in Fig. 9 IS, including stiffener bars to keep the flanges in 
proper spacing. 

One of the top joints, located above the monitor sash is shown in 
Fig. 914. The bottom flange is in the foreground. The stiffener bar 



Fig. 913. 



Fig. 914. , , ■ 

is a single through plate extending across the web and across the 
bottom flange of the rafters. It is welded to both sides of thejbot^m 
flange and to the rafter web, generally with comparatively l§Si&l;€llet 
welds, while the connection to the underside of the top flange usually 
requires a substantial fillet. The top flange is uninterrupted and bent 
sharply, requiring but a simple V-cut of the rafter to produce. 
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A beam fashioned to the shape of a monitor roof is shown in Fig. 915. 
In this type of construction, if no lateral support is available at the ends 
of the beam, a rigid connection to the column should be provided. Two 
such connections are indicated. At “Al”, the beam is erected on a seat 
shop-welded to the column. The end of the beam s bottom flange is butt" 
welded in the field to the face of the column which is backed by stiffeners 
T. The top of the column is provided with a shop-welded cap plate 
“c”; to this cap and to the top flange of the beam, a connection plate “p” 
is field-welded, producing a rigid connection of beam to column. 

Another method of producing a rigid connection is shown at “A2’\ 
The beam is erected on top of a shop -welded cap plate “c\ Stiffeners 
are shop-welded to the beam and splice plate fcfc p” is field-welded to the 
outer face of the column and to the end of the beam. 

Joints M, B” and “C” are made in the shop; the beam is shipped in one 
piece. Joint “B” is produced as follows: first, the beam flange is cut all 
the way across at “x” and “y”; a hole equal in diameter to the thickness 
‘V’ of the stiffener plate is then drilled. From this hole, the web is flame- 
cut, V-shape, at an angle equal to the bend angle. A stiffener plate of 
thickness “t" and equal in width to the beam flange is then set against 
one side of the V-cut and tacked to the web. The beam is then bent until 



Hg. 916. 
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point “x” reaches point “y” when the stiffener is tacked to the other side 
of the V-cut, holding the bend in correct position. The stiffener is now 
welded as shown to the web and to the flanges, completing the joint. 

If, instead of framing to a column, as at “A”, Fig. 915, the end of 
the monitor beam frames to a truss or to a girder, as at “D”, Fig. 915, 
provision must be made for the horizontal thrust of the beam. This may 
be accomplished by horizontal bracing between the top flange of the truss 
or girder and an adjacent purlin, such as “g”, Fig. 915, transferring the 
thrust from the truss or girder to its supporting column. 

Instead of a single span, as pictured in Fig. 915, if several successive 
monitor-shape beams are required side by side (Fig. 912), the beam 
thrusts on intermediate supports will substantially balance each other. 
But, along the edges of the structure, some suitable provision must be 
made to resist the outward thrust of the beams. 

At “B”, Fig. 915, a sharp bend is shown. A rounded bend, as illus- 
trated in Fig. 916, detail “E” is sometimes desirable. 

To produce a sixty degree curved bend, draw a straight line “a-b” 
across the beam and a line “a-c” making a thirty degree angle with 
“a-b”. With “a” as a center, draw arc “b-d”. From “d”, draw line 
“d-e” and from V\ draw a line “e-f”, parallel to “a-b”. On “a-b”, 
mark point “g” just above the fillet of the beam’s lower flange; similarly, 
mark point “h” on line “e-f”. 

Draw a chalk line “g-h” on the beam. Parallel to “a-c” and to 
“e-d”, draw chalk lines back one half the stiffener plate’s thickness, 
“t”. With center at fc ‘a”, draw a curved chalk line “g-k” and, with 
center at “e”, a curved chalk line “h-m”. Flame-cut the web on the 
chalk lines and cut the top flange squarely across at “a” and at fck e’\ 

When point “e” rotates toward “a”, “g-k” and t4 h-m” will roll on 
line "g-h” while lines fck a-k” and “e-m”, together with the flange cuts 
at “a” and at “e”, close in. These will remain just far enough apart 
to allow for the thickness of the stiffener plate shown in Fig. 916, 

An enlarged view of part of the roof outline shown in Fig. 907, is 
shown in Fig. 917. Joints “C” and “F” are made in the shop. Con- 
nections at “G” and “H” are made in the field. The beam between 
successive points “G”, therefore, it is a straight element set on a suitable 
slope to shed water. ' 

The bends at “C” and at “F” are exactly the same as the one de- 
tailed at “C”, Fig. 915, turned upside down. 

The beam-to-column connection at “F” is made by means of a cap 
plate “c”, shop-welded to the column top. The bottom flange of the 
beam is first field-bolted to the column top and, when the structure has 
been plumbed, the beam is field-welded to the cap plate. 

The column connection at “H” is similar to the one at “F”. 

Detail “G” shows the field connections. Two connection plates 
are used. The one on the near side is shop-welded to beam “R” and 
provided with four open holes, two of which also pass through beam 
“R”. The plate on the far side is shop-welded to beam “S” and is 
also provided with four holes, two of which also pass through beam “S”. 
This arrangement permits easy erection and bolting. After the structure 
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has been plumbed, the near connection plate is field-welded to beam 
“S” and the far plate, to beam “R”. 

A segmental arch roof of pleasing appearance is shown in Fig. 918. 
The 15 degree bends at “J” and at “K” are made Jn the shop. They 
are similar to the 40 degree bend shown at “B”, Fig. 915, when read 
upside down. 

The field connections are made at points “L”. They are provided 
with two splice plates as described above for detail "G’\ Fig. 917. 

There are two methods of fabricating in the top of the column, detail 
*T\ One of them is shown at “I-T\ In this case, both the beam and 
the column are cut off square on lines “u y” and “w x” respectively; the 
connecting element is a three-plate assembly joining the beam to the 
column. 

This assembly consists of a web plate U uvwxy”, with a curved 
bottom “x y”, a top flange plate “u w”, bent sharply at “v 1 * and a 
curved bottom flange plate “x y*\ These three plates are shop-welded * 
together along lines U uvw” and “xy\ The assembly is shop-welded 
to the column on line “wx”, the flanges being shop-welded to the 
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column flanges at "w” and at "x” respectively. The field connection 
is made on line "u y” as shown. 

The other method of fabrication is shown at "1-2”. In this arrange- 
ment, the connecting element between the beam and the column is a 
short section "o p” of the beam itself from which a section of the bottom 
flange "r t” has been removed. The left end of the beam is cut along 
line "pt’\ The column line is cut along line “stu” and bent from point 
V’ so that point “s" rotates to point "r” where it is shop-welded to 
the bottom flange of beam section "op”. 

The outer column flange is cut across along line "p”; the web is 
cut along line "p t” and shop-welded to the end of beam "o p” on 
line "pt”. A triangular plate "str” with a curved bottom edge is 
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inserted to close the gap and shop-welded to the column along lines “s t” 
and “sr”, also to the beam web along line "tr”. 

The field connection is made, first by a pair of bolted web plates. 
In Fig. 917, detail “G”, no bending is intended to be resisted. This 
condition can be effected by proper location of the end of the cantilever 
beam and by a suitable relation between the moment of inertia of the 
cantilever and of the suspended beams resulting in the same slope of 
both beams at their junction. Under those conditions, only web splicing 
is needed at points “G w . In Fig. 918, at points “L" # a large bending 
moment usually has to be resisted. Consequently, after the structure 
has been plumbed, not only are the web connection plates field-welded 
but the flanges are also field-welded together forming a rigid connection. 



Two principal factors affect the choice of the frame for a given 
structure: the first is the shape of the roof outline; the second is the 
amount of rigidity to be built into the base of the columns. 

(1) Roof outline: Light is a prime requisite in practically any build- 
ing. It is universally recognized that, in factories, the efficiency of the 
men is much reduced in poor light. AnyTwide structure requires a roof 
outline which admits light through the roof. The amount of glass pro- 
vided for light through the roof should be somewhere between 20% 
and 30% of the floor area beneath. 

Craneways require a building with great lateral rigidity. The top 
of the columns carrying the crane girders should be connected by deep 
horizontal members (Fig. 919). If the craneways are wide or if they 
are flanked by other buildings that cut out the wall lighting, light access 
through the roof may be provided either by means of a monitor (dotted 
outline, Fig. 919), or by a '‘high-low” roof, a longitudinal section of 
which is shown in Fig. 920. 

The capacity of the cranes in the building is not a big factor in the 
rigidity requirements: the fast operating of the light cranes makes them 
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substantially equivalent to heavy, slow operating cranes from the point 
of view of wear and tear on the structure. 

Buildings in which the operations require a vast array of trolleys 
and conveyors covering most of the plant space, require horizontal main 
members at the top of the supporting columns to facilitate the hanging 
and bracing of the trolleys and conveyors. The horizontal members, 
however, must be placed at a sufficient height above die floor to provide 
ample room below the conveyors and the objects they carry. 

Very often conveyors are required only in certain restricted areas 
or a scattering of conveyors is needed in more or less permanent areas 
and positions. Unobstructed headroom is wanted for high ma chin es 
or for equipment suspended from the roof structure itself. For such 
cases, trussed structures, either with monitors or of the “high-low” type 
are ill adapted. Sawtooth construction without trusses (Fig. 901), or 
monitor frames, (Figs. 903, 906, 907), are well suited to those con- 
ditions. For plants or parts of plants in which ventilation is important, 
a high arch type frame (Fig. 904, Fig. 918), is often advantageous. 
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Louvres are installed at the peak of the arches, and the high sidewall 
ventilation together with the louvres provide the required air circulation. 

(2) Rigidity of column base: The purpose of rigid column base 
connections is to save maintenance costs. There is evidently no reason 
for anchoring column bases relatively to ordinary vertical loading. Struc- 
tures subject to severe lateral loads such as craneways, also high narrow 
buildings, should be fixed (anchored rigidly) at the column bases in 
order to eliminate future costs from cracked or broken glass, leakage, 
wear and tear on the frame s connections, on the craneways and on die 




670 


PROCEDURE HANDBOOK OF ARC WELDING 


cranes themselves; trouble from shifting crane track gauge, etc. Of 
course, if columns are fixed to the foundations, the foundations have 
to resist the moments induced by the anchorage provided; hence, the 
cost of the foundations is materially enhanced. It follows that only 
cases really requiring rigid base connections should be so designed ana 
built. 

Figs. 921 and 922 provide a comparison of moments between two 
horizontal-top frames, one hinged, the other rigidly fixed at the column 
bases. The vertical loading used is 1200 lbs. per running foot; the lateral 
load is taken at 400 lbs. per foot of elevation. A 10 to 1 stiffness ratio, 
common for this type of frame, is assumed — that is, the moment of 
inertia of the horizontal members is ten times that of the supporting 
columns. The members of the frames must be able to develop the in' 
dividual moments shown and also the algebraic sum of such moments 
at the various joints. The solid arrows point to the moments that 
govern the design of the members. 

The horizontal members must be able to handle a little more than 
200,000 foot pounds midway between the columns. Assuming that the 
lateral load can act either on the left column as shown or on the right 
column in the opposite direction, the connection of the horizontal mem- 
ber to each column must be made for 106,000 ft. lbs., in Fig. 921. In 
Fig. 922, the corresponding moment is given as 67,100 ft. lbs., but 
designers usually arbitrarily increase the beam to column connection 
capacity in the case of fixed base calculations. The reason is that loose 
anchor bolts or uneven settling of foundations can readily increase the 
figured moments. Therefore, instead of providing a connection for 
67,100 ft. lbs., the design is made to develop 85,000 ft. lbs. 



Kg. 923. : s Fig. 924. 

Figs. 923 and 924 give a moment comparison for two gable frames, 
one hinged, the other fully fixed at the column bases. The loading used 
is the same as that used in Figs. 921 and 922; the stiffness ratio, in 
this case, is 3 to 1. The solid arrows indicate the moments affecting the 
design of the members. 

In planning a building, it is essential to select a type of frame that 
is suitable for the purposes of the structure and one that will min i miz e 
subsequent maintenance costs. Rigid base connections of columns de- 
crease the stresses to be resisted by the structure, as shown above. The 
structural elements, however, are usually reduced correspondingly. Flexi- 
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bility of the joints is a major contributing element to maintenance costs. 
It is therefore important, whether the structure be anchored to the 
foundations or not, to provide connections and joints of the most rigid 
type possible. These can best be secured by arc welded construction 
which makes each frame one single piece. 

CALCULATION OF WELDED FRAMES 

Structures belong to either one of two classes: 

Group 1 — Determinate structures. 

Group 2 — Redundant structures. 

Rigid welded frames belong to Group 2 structures. 

A redundant structure is one for which all the external reactions 
cannot be found by the three equations of statics, vis., 

(1) Sum of the horizontal forces == 0. 

(2) Sum of the vertical forces = 0. 

(3) Sum of the moments about any point = 0. 

A redundant structure differs from a determinate structure in having 
one or more redundant conditions without which the structure would 
still remain in equilibrium. Such redundant conditions may be mem- 
bers, forces, or moments. In welded frames, the redundants are either 
forces or moments. 



The frame shown in Fig. 925-a is a determinate structure: all the 
conditions of reaction may be found by the three equations of statics 
mentioned above. The horizontal component of F is equal to H 1 , (SH = 
0) ; die vertical component of F is equal to V 1 , (SV = 0) ; the moment 
Fd is equal to M 1 , (2M = 0) . 
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The frame shown in Fig, 92 5 'b has one redundant reaction. The 
right end is supported by a roller capable of vertical loading only. There 
are now four unknown reactions: V 2 , H 1 , M 2 , V 3 . The three equations 
of statics are insufficient to calculate these values. A fourth equation 
is required. This is called an equation of “condition” or of “elasticity.” 

When the right end of the frame is supported by a hinge which 
offers resistance in any direction but which has no resistance to rotation, 
(Fig. 92 5 'c), there are two redundant reactions, since there are five un* 
knows, V 4 , V 5 , H 2 , H s , M 3 . The solution is obtained from the three 
equations of statics plus two equations of elasticity. 

If the right end be fixed, that is, restrained from any motion or rota* 
tion, there are six unknowns, V 6 , V 7 , H 4 , H 5 , M 4 , M 5 . This is shown in 
Fig. 92 5 'd. The solution now requires the three equations of statics plus 
three equations of conditions. 

Welded frames in common use may be divided into two classes 
according to the way their ends are constructed: 

Class (a) — Hinged frames — the ends are free to rotate. 

Class (b) — Fixed frames — the ends are unable to rotate. 



An example of frames of class (a) is shown in Fig. 926. There is no 
moment at the hinged ends, since they are free to rotate. Two equations 
of statics, 2V = 0 and 2M = 0, are used to determine the vertical 
reactions. The third equation of statics, 2H = 0, shows that the two 
horizontal reactions are equal, but it does not determine their magnitude. 
One equation of elasticity is required to find the magnitude of H. 



Fig. 927. 



DESIGNING OF ARC WELDED STRUCTURES 


673 


Frames of class (b) are exemplified in Fig. 927. Here the ends are 
fixed, each end being capable of taking a moment. There are now six 
unknowns, the vertical force, horizontal force, and the moment at each 
end. The three equations of statics and three equations of elasticity, 
when solved together simultaneously, will give the value of these mv 
knowns. 

After the values of these redundant reactions have been found, the 
moments and shears of all parts of the frame are calculated just as in 
the case of a simple beam. From the moments and shears, the size of the 
members is established, as also the proper welding of the joints of the 
frame. 

The principal types of welded frames in current use are shown in 
Fig. 928. Various combinations of these outlines are used to provide 
structures best adapted to each individual case. 


Type 

1 

EndsSupported 

On Columns 

Ends Supported by 
Beams or T russes 







B 

■ 

rr 



3 


rr 



B 




/ \ 

5 


TT 



6 






Fig . 928 . 


A method of calculating the values of the redundants is as follows. 
Hinged structures are first considered. 

Fig. 929 shows a welded frame consisting of two columns having 
a moment of inertia Ii and hinged at their bases, together with a 
transverse beam, having a moment of inertia I 2 , welded to the column 
tops. This structure is loaded by a single vertical load as shown. 
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Fig. 929. 


The solution of this frame is as follows: 

First, consider that the given frame, shown in Fig. 929, is supported. 
Fig. 930, on a hinge at A, on a roller at E and that it is loaded with 
the given load of Fig. 929. 

Draw the moment diagram for Fig. 930. This is shown in Fig. 932. 
Call this diagram the M 0 diagram. The value of the moment from A 
to B is zero. From B to C the moment value rises from zero to 60,000; 



Fig. 932. Fig. 933. 


from C to D it decreases from 60,000 to zero. From D to E it is zero. 

Second, consider, Fig. 931, that the given frame shown in Fig. 929 
is supported on a hinge at A, on a roller at E and that it is loaded with 
a force of one lb. acting in the opposite direction to the reaction H, 
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and no other forces. For this condition, the reaction of the hinge is 
evidently equal and opposite to the load. 

Draw a moment diagram for Fig. 931. This is shown in Fig. 933. 
Call this the Mi diagram. The value of the moment from A to B 
rises from zero to 20 ft. lbs. From B to D it remains at a constant 
value, 20 ft. lbs. From D to E it decreases from 20 to zero. 

The frame (Fig. 929) belongs to the class shown in Fig. 926; it 
therefore requires, to establish the value of H, one equation of 
elasticity. The equation is this: 


H =-g-, where R = 


f e M 0 Mi dx - 0 f E Mi 2 dx 

a — — ’ ands = ; A ~ 


Translating the equation into words, the meaning is this: The value 
of the numerator R is equal to the summation from point A around to 
point E of the product of all successive values of the M 0 diagram (Fig. 
932) by the corresponding values of the Mi diagram (Fig. 933), each 
product multiplied by an infinitesimal length dx measured along the 
line ABODE, the whole divided by the moment of inertia of that part 
of the structure which is being summed up (Ii if the columns are 
being summed up, I 2 if the top transverse beam is being summed up) . 

The word corresponding means at the same point in the structure. 
For instance, at the middle of the left hand column, the value of the 
moment in the Mi diagram is zero. At the same point, the value of the 
moment in the M x diagram is 10. These values, zero and 10, are cor- 
responding values. At point C, in the M 0 diagram the moment value is 
60,000; at the same point in the Mi diagram, the value is 20. 60,000 
and 20 are corresponding values. 

The value of denominator S is equal to the summation from A around 
to E of the square of all successive values of the Mi diagram (Fig. 933), 
each product multiplied by an infinitesimal length dx measured along 
the line ABODE, the whole divided by the moment of inertia of that 
part of the structure which is being summed up. 



Fig. 934. 
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numerator (R) — Fig. 934 shows the segments AB, BC, CD, DE, of 
M 0 and of the Mi diagrams drawn alongside each other. From A to B 
and from E to D, the moment values of the Mi diagram increase from xro 
to 20 ft. lb.; all the corresponding M 0 values are zero all the way. Evi' 
dently if we sum up the multiplications of all the successive values of the 
Mi diagram values by the corresponding values of M<> which are all zero, 
the answer of the summation is zero. Thus we see that whenever, in 
corresponding segments of a welded frame, one or both the moment 
values of the Mo or Mi diagrams is zero, the amount of that part of 
the diagrams contributed to the value of H is zero. 

From B to C, the M 0 values increase from zero to 60,000; the cor' 
responding Mi values are 20 all the way. The sum of the products 
of corresponding Mo and Mi values from B to C divided by the moment 
of inertia of the segment BC is evidently the integration between the 
B and C of all the products of the successive values of the Mo 
diagram multiplied by all the corresponding values of the M x diagram, 
times dx and divided by the moment of inertia of segment BC, as stated 

f c M 0 Mi dx 

in the formula by the symbol / — 

J B J-2 

The integrals involved in these calculations are so simple that even 
a person who has not studied calculus can perform them readily. It is 

r l h + i _ f* p 

sufficient to know that/ x*dx — - For instance,/ xdx 5=8 y 


j. xdx ~T-J. d ‘” 1 

Bearing this in mind, considering the segment BC, Fig. 934, the 
value of the Mq moment at C is known to be 60,000 ft. lbs. If an origin 
(i.e. a beginning of length) is assumed at point B, the value of the 
moment at any point, distant x from point B, from similar triangles, is 

—60,000 = 6000x. The value of the Mi moment at that same point 

is 20, since is constant from B to C. 


Multiplying these two expressions of Mo and Mi times dx and divkh 
ing by the moment of inertia of segment BC which we are summing up 

20 (6000x dx) 120,000xcbc Tr _ „ T ^ 

at this moment, we get — - — = = j • If we call l the 

12 12 


distance from B to C, we now integrate the product between the limits 
„ _ ... t f l 120,000xdx 

Sero and L The expression is written thus: / , 

]• la 


I 2 and 


120,000 are constants. Constants do not integrate; therefore they are 

i r t , . 120,000 [' , 

to be written in front of the integral sign, thus: — / x dx. The 

,41 12 I' 

p 

value of / ix dx was stated above to be — . The value of the above 


<L 
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120 000 l 2 

integration is therefore — =? x — , where 1 = 10 ft. Substituting 

±2 2 

this value of l, we get as the value of the integration, — x = 
6,000,000 2 
I2 

Considering now segment CD, Fig. 934, the value of the Mq moment 
at C is known to be 60,000 ft. lb. By similar triangles the value of the 


moment at any point between C and D is -—-60,000 = 


2000x. The 


corresponding value of the Mi moment is 20. Multiplying these two 
expressions of M 0 and M x at any point between C and D times dx, and 
dividing by I 2 , the moment of inertia of the top transverse beam, we get 

40,000 xdx ^ „ „ _ 

z . This time designating by I the distance from C to D, we 


integrate this product between the limits 0 and l, thus,^ — 


,000x dx 


Placing the constants in front of the integral sign, the expression becomes 

40,000 r 

h > 


x dx. Applying the integration formula given above, we 


- t , - . 40.000 

get as the value or the integration, — ~ — x 


Substituting the value 


£ i / ** a £*. \ . 40,000 900 18,000,000 

of I, (30 ft.), we get, x — = 1 ~ . 

±2 z 12 

Denominator ( S ) — From A to B, and from E to D, Fig. 935, the 
moment values increase from 0 to 20. From similar triangles the value 


of the moment at any point distant x from either A or E is -“-20 = x, 

in each diagram. Squaring this general value, the result is x 2 . Calling 
I the distance from A to B or E to D, "and introducing the moment of 
inertia of these sections, which is Ii (moment of inertia of the columns). 



Pig. 935 
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we get 


r xMx 

J- Ii • 


Performing the integration following the rules 
given above, we get . Substituting the value of I, we get as the 


value of the integration 


8000 
3li - 



Fig. 936. 


Between B and D the value of Mi at any point is 20. Squaring this 
value, calling l the length B - D = 40, and introducing the moment of 
inertia of the transverse beam with which we are now concerned, we 

have J — | — . Writing the constants in front of the integral sign 

the expression becomes— j dx. Integrating the expression as here- 

inbefore outlined and substituting the value of I, the result is . 

h 

We may now write the summation of the partial integrations as 
follows, 


H = |= 

b 8000 


Q j 6,000,000 | 18,000,000 ; Q 

I2 I2 


, 16,000 , 8000 
H ? — + 


3li T I 2 ' 3Ii 

This may be written also in this form: 

24,000,000 „ 


H = - 


I 


5333 f + 16,000 

ii 


24,000,000 

Is 

5333 16,000 

Ii + I* 


7,200,000 

; lbs. 

1600 £-+ 4800 
n 
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If, instead of the numerical dimensions used in this example, we 
had used letters, as shown in Fig. 936, then the method we have out- 
lined would have given us the formula: 


Pabh 

2L 


3 Pab 


H = - 


5000 - 


2h3 

. W 

31/ 

I 2 

JF — I 

i* 1 ? 1 

F~ 


h 

h 



1875 


Fig. 937. 


1875 * 


Fig. 937 shows the same welded frame which was figured for a 
vertical load in Figs. 929 to 936 inch, this time loaded with a single 
horizontal load. As before, it consists of two columns having a moment 
of inertia I x , hinged at their bases, and a transverse beam welded to 
the column tops and having a moment of inertia I 2 . 



Fig. 938. Hg. 939. 


HINGE 



rl 


Proceeding with the solution of this frame, consider first that the 
frame is supported on a hinge at A and a roller at E (Fig, 938) and' 
that the given load of Fig. 937 is applied. 
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Draw a moment diagram for Fig. 938, as shown in Fig. 939. Call 
this the Mo diagram. The value of the moment increases from zero 
at A to 75,000 ft. lbs. at B. From B to C it remains constant at 75,000, 
and from C to D it decreases to zero. From D to E the moment 
value is zero. 

Next, consider that the given frame is supported on a hinge at A 
and a roller at E, and that it is loaded with a force of one pound 
acting in the opposite direction to the reaction H, and no other force. 
This condition is shown in Fig. 940. 

Draw a moment diagram for Fig. 940, as shown in Fig. 941. Call 
this the Mi diagram. Observe that this is the same as the Mj diagram 
used for the vertical loading in Pages 674 to 678. In fact, this same 
Mi diagram is used for any type of loading on a frame of this shape 
and size . 


Solution 

R 


H =^wh OT R_jT* 

[' MoMxck 1 f 


L 


E Mj 2 dx 


A I 


r ab 


15 5000 (15)3 5,625,000 

5000x 2 dx = ±—1— = F -— 

3li If’ 1 


f 1 Mo Mi dx 1 f ® , . j 

r bc= J —— =-j -I 7 ^000 (15 + x) dx 

75000 , 25 \ 6,560,000 

= -irv w+ T) = — — 

Rcd= [ J-f" 20(1875x)d* 

J‘ I UJ • 

20 x 1875 40 2 30,000,000 

-x — 


r de 


r’M 0 M 

~J- I 


I 2 2 

Mi dx 


0 


„ 12,185,000 , 30,000,000 

Rae = t t f 

II J-2 

c f * Mi 2 dx 1 /■*« 9J (20) ! 

SiC ~ J. ii r 


8000 


3li 


s CD = {“w*-***' 

J • I A 2 Jo I, 


•'l. 
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5333 16,000 . 


12,185,000 30,000,000 

Ii I, 

5333 . 16,000 
Ii I* 



Explanation — Fig. 942 shows the corresponding segments of the 
M 0 and Mi moment diagrams drawn alongside each other. From A to B 
the Mo values increase from zero to 75,000. If an origin is assumed at 
point A, then the value of the M 0 moment at any point between A and 

X 

B is, from similar triangles, — (75,000) = 5000x. Similarly, the value 

X 

of the Mi moment at any point between A and B is — 15 = x. 
Substituting these values into the formula for R, 



Mo Mi cbc 

i 


i. 


' (5000x) (x)dx 

_ 


5000 r 

ii !• 


x a dx. 


Remembering that j 



we get on integrating. 


Rab = 


50001 s 
Ii 3 


and since 1=15, Rab = 


5,625,000 

h 


Between B and C the M n moment values remain constant at 75,000 
while the Mi values vary from 15 at B to 20 at C. The expression for 
the Mi value at any point between B and C is obtained by referring to 
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Fig. 943. The diagram may be divided into a rectangle and a triangle as 
shown. Then the value at any point is (15 + y). From similar triangles, 
x 

y =— 5 = x, so that the Mj value between B and C is (15 + x). Sub' 
stituting these values in the formula for R, 


R bc = f l M 0 M 1 dx f l (75,000) (15 + x) 

J- I ~J- Ii 

75 , 000 r f' , , /•' ,1 

— rii ■“4 

r' r l i 2 

Since / dx — I, and / x dx = — . we have: 


dx 


Rbc = 
Rbc — 


75,000 r , , I 2 1 


75,000 


Substituting the value of l, 

^. 5+ |_) = WW00_ 


Between C and D the M 0 moment values decrease from 75,000 at 
C to zero at D. The Mi values remain constant at 20 over this segment. 
From similar triangles the value of the M 0 moment at any point between 

C and D is—~ 75,000 = 1875x. Substituting these values in the formula 

for R, 


Rcd= jf 1 hip Mx dx J* 


(1875x) (20) dx (1875) 20 


/' 


i j • i 2 i 2 

Integrating this expression and substituting the value of I, we have, 


xdx. 


Rcd : 


37,500 l 2 _ 37,500 (40) 2 30,000,000 


Between D and E the Mo moment values are zero, hence the value of 
R for this segment is also zero, as explained on Page 674. 

Adding the various segments, 

R = Rab + Rbc + Rcd + Rde 
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5,625,000 6,562,000 


h 

12,187,000 


30,000,000 


+ 


lx 

30,000,000 


u 


0; 


Ii I2 

It has been noted above that the Mi diagram used in this example is 
identical with the Mi diagram used in the example of Fig. 933. There' 
CM i 2 dx 

fore the value of S = / — - — will be the same for both types ef loading 

and we use the value of S computed on Page 674. Then, 

0 5333 , 16,000 

s= “ + “• 

Dividing R by S, we have, 

12,185,000 . 30,000,000 

I. 


H 


R _ Ii 
S 5333 16,000 

r t 


ii 


i 2 


12,185,000— + 30,000,000 
rj 

5333-^- + 16,000 

M 



“H 


Fig. 944. 


If letters were used in place of the numerical dimensions as shown in 
Fig. 944, the method outlined would result in the formula: 


H = Wd 


d 2 

h 2 ~+ hi 


Ji_ 

I. 


_ JW (f h+1 i)_ 


A study of Pages 674 to 683 shows that the process of finding the 
value of R consists of integrating together successively the corresponding 
segments of the M 0 and of the Mi diagrams and adding the results 
together. To find the value of S, we integrate successively each segment 
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of the Mi diagram with itself and add the results together. 

The various segments of the M 0 or of the Mi diagrams consist, for 
concentrated loads, of rectangles, triangles, and trapezoids. Therefore, 
to obtain the value of R, integrating together the corresponding segments 


Table of Integration Values 

6 j | Hr /N,M I dx Imn fi?) 

h—i — *{ ", 1 

1 M, J M/dx _ in*_ (B) 

E l 

I*— *— 

m. d _ 

L ^ Aw* . imn © 

M, # 

m, /X^4s.^-4e°. © 

t-H h--'-T . 

= l m. ® 

ef 1 Mv f s] 

A A m,k 

^ — ■"'e] Mv 


€3 

(- — i — a yhysjfr © 

• m x * 

•S -Q ? ® 


of the Mo and of the Mi diagram consists in integrating together pairs 
of such figures, that is, two triangles or a triangle and a rectangle, or 
a rectangle and a trapezoid or two trapezoids, etc. 

To obtain the value of S, integrating each segment of the Mi diagram 
with itself consists in integrating a triangle with the same triangle, 




Fig. 945. 
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or a trapezoid with the same trapezoid or a rectangle with the same 
rectangle. 

The table above gives the values of all such figures integrated to 
gether. Using the table eliminates the integration work and permits 
finding the values of R and S much more rapidly. 

To illustrate its use, the solution of the problem shown in Fig. 929, 
is now 7 accomplished with the help of the table. 


l<[umerator ( R ) — Referring to Fig. 945 (which is similar to Fig. 
934), the integration of triangle AB of the Mi diagram with the corres- 
ponding segment of the M 0 diagram is zero, since the M 0 diagram is 
a line, not an area. Considering next segment BC, we have a triangle 
of the M 0 diagram to integrate with a rectangle of the Mi diagram. 
The table, Formula G, gives as the integration value for this combination, 

^ mn Substituting the values of the symbols, the value is 


21 


10 x 20 x 60,000 6,000,000 


2 I 2 I 2 ; 

Next, in section CD, integrate the Mo triangle with the Mi rectangle. 

Again, Formula G gives as the value, . Substituting the numerical 


values, we have 


30x20x60,000 


21 

18,000,000 


The integration value of 


2 1 2 la 

triangle DE of the Mi diagram and the corresponding M 0 diagram, a 
line, is again zero. 


6,000,000 , 18,000,000 24,000,000 


The value of R is then ' — 1 1 = — as on 

12 ±2 I2 

Page 674. 

Denominator (S). — The operation consists in integrating each seg- 
ment of the Mi diagram with itself and adding the results together. 

In 2 

Segment AB is a triangle. Formula D gives the value as yy. Substitute 

. , . , t ^ t 20x 20 2 8000 T t . 

mg the numerical values, Fig. 945, we have, — y = y-y-, Ii being 

the moment of inertia of the column. Segment BD is a rectangle. Formula 

_ . « 1 In 2 40 x 20 2 16,000 T - - 

B gives the value as -=-= = = — z — , I 2 being the moment of 

X 1 2 1 2 

inertia of the beam. Segment DE is a triangle. Formula D gives the 

, In 2 20 x 20 2 8000 

value as _= — rr — = — = — . 

31 3 Ij. 3 Ii 


Adding the above results we get 


8000 16,000 8000 5333 

3 Ii + I 2 + 3 lx “ Ii 


16,000 

h 


as on Page 674. 


Note that the table eliminates all actual integrations. < 

As a further illustration of the use of the table, the solution of the 
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Fig. 946. 

problem shown in Fig. 937, is now given. Fig. 946 shows the cones- 
ponding segments of the M 0 and Mi diagrams. 

Numerator (R ) — 

Segment AB — Two Triangles. Value, by Formula C, 

Imn 15 x 15 x 75,000 5,625,000 

3 1 3 Ii Ii 


Segment BC — Rectangle and Trapezoid. Value, Formula H, 


Im 
21 

Segment CD - 


Segment DE- 


(p + q> 


5 x 75,000 


2 lx 


(l5 + 20 ): 


6,560,000 


-Triangle and Rectangle. Value, Formula G, 
Imn 40x20x75,000 30,000,000 


21 

-Zero. 


2 1. 


Adding, Rae : 


12,185,000 + 30,000,000 


lx I 2 

Denominator ( S ) — 

Segment AC — Triangle. Value, Formula D, 

In 2 20x20 2 2667 

31 3 lx I x * 

Segment CD — Rectangle. Value, Formula B, 
In 2 40 x 20 2 _ 16,000 
I _ I 2 “ I 2 ‘ 

Segment DE — Triangle. Value, Formula D, 

In 2 20 x 20 2 2667 

31 3Ii Ix • 

5333 , 16,000 


as on Page 679. 


Adding, Sae : 


Whence, H=^= 


Ix + I. 
12,185,000 
Ix 


30,000,000 

I, 


5333 , 16,000 


as on Page 679. 
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The method outlined on Pages 674 to 686 for the solution of the 

R 

formula H=-g- can readily be used to develop formulae for the value 

of H. Such formulae are given on Page 691 for single loads, applied 
in the positions indicated, for some of the frames shown in the second 
column of the table. Page 673. Values for other frames, are given on 
Pages 692 to 707. 


Position and Direction of H 

For vertical loads , the value of H acting at the right hinge is bah 
anced by a force equal to H, acting in the opposite direction at the left 
hinge. If the vertical load acts downward, the resulting H at the right 
hinge acts from right to left, and the balancing force at the left hinge 
acts from left to right. If the vertical force acts upward, the resulting 
H at the right hinge acts from left to right and the balancing force 
at the left hinge acts from right to left. 

For horizontal loads , the force H is to be applied to the hinge at 
the opposite end of the frame from the point where the horizontal force 
is applied. This force H, for a horizontal load P, is balanced at the 
opposite hinge by a horizontal force P-H. Both forces H and P~H 
always act in a direction opposite to the direction of horizontal load P. 

For crane moments , force H, at the right hinge acts from right to 
left and is balanced at the left hinge by a force equal to H, acting 
from left to right. The cranes are assumed to be located under the 
frame in question and not outside the structure. 

Use of the Formulae 

To use the formulae, 

1. Make a free-hand sketch showing the single load, a hinge at the 
left end and a roller at the right end if the single load is vertical, 
exactly as in Fig. 930; if the load is horizontal, show a hinge at the 
end nearest the load and a roller at opposite end of the frame. Note 
that, for any load whatever or for a moment applied anywhere to the 
frame, the roller-end reaction due to that load or moment must always 
be a vertical reaction — up or down, depending on the direction of 
the applied load or moment. 

2. From the sketch, figure the dimensions and reactions, also the 
moments at all points marked Mq, Mb, Me, . . . , in the table and 
mark them on the sketch. 

3. Substitute dimensions and values of Mq, Mb, Mq, . . . , in 
the given formula, obtaining the value of H for the single load shown 
on the sketch. For frames loaded with several loads, repeat the above 
operation for each single load, obtaining each time the value of H 
for each single load successively. 

4. Sum up the horizontal forces (values of H or balancing forces) 
at each hinge, obtaining the total horizontal reactions. 

Example 

A 40-foot symmetrical hip frame, 10 feet high, is loaded, as shown 
in Fig. 947, with three horizontal loads, four vertical loads acting 
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downwards and one vertical load acting upwards. It is desired to find 
the values of Hl and Hr. 



Following the directions given above, sketch A is first made show" 
ing a single load, the 6000 lbs. horizontal applied on the left slope; a 
hinge at left end, which is nearest the load; and a roller under the 
right end, which is the end opposite the point where the horizontal 
load is applied. The H corresponding to this single 6000 lb, load, which 



3 

will be called Hi, will now be found. The value of Vi is 6000 x — 

40 

= 450. Mq = 450 x (40 -1*4) =17,325. 

M b =450x35= 15,750, 

and Me = 450x5 = 2250. Substituting in formula (6) the values of 
Mq, Mb, M c , and the dimensions noted in sketch A, 


H = (2* 11.18x3 + 7.83x10) + 15,750 [10 (3x30 + 2x7.83)+ 7.83x3] 

1 2 x102 (2x 11.18 + 3 x30) 

2250 _ 17,325x145.4 + 15,750x1080 , _ , _ „ 

-+2ll0 22^72 + 112=+ 980 = H 3 , 


marking with the sign the H’s which act from right toward the left. 
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Sketch B is now made, showing the reactions and moments due to the 
5000 lb. vertical load applied on the slope, a hinge at the left end, 

a roller at the right. V 2 = 5000 = 188. 


Mq = 188 x (40 - iy ? ) = 7240. M B = 188 x35 = 6560; M c = 188 x 5 
= 940. Substituting in formula (6) the values of Mq, Mb, Mq, from 
sketch B and calling H 2 the value of R resulting from die 5000 lb. 
vertical load, 


„ 7240x145.4 + 6560x1080 f 940 , 

H 2 = 22^472 + "20“ ^ + 410 lb. acting again from 


right to left. 

The 4000 lb. horizontal load acting at the hip requires no sketch: 
according to the note beneath the formula (5), its value of H, which 


we will call H 8 , is 


4000 

2 


= -2000 lb., acting from left to right in 


opposition to the 4000 lb. load. 

Passing on to the 8000 lb. load on the left hip, draw sketch C. 



V* = 8000x^ = 1000; M B = 1000 x 35 = 35,000; M c = lOOOx 5 
= 5000. By formula (5), H 4 = + 5000 _ _j_ jqoO, acting from 

L X 1U 

right to left. 

In sketch D, V 5 = 10,000x^= 3750. The left reaction is then 
40 

6250 lb. M b = 6250 x 5 = 31,250; Mq = 3750 x 25 = 93,750; and M c 
= 3750x5 = 18,750. Substituting in formula (7) the above moments 
and dimensions of sketch D, 

tt 31,250 (2x 11.18 + 3 x 10) + 3 x 30x93,750 + 18,750 (2x 11.18 + 3 x20) 
n ® 2247.2 
= + 5180, acting from right to left. 

The next load is 7000 lb. acting vertically upward, (see Fig. 947). 
Being located on the frame symmetrically with the downward 10,000 
lb. load, it will give for its value of H, which we will call He, an amount 

il^ood ^-5 acting opposite to He, since the 7000 lb. load is acting 

X V/jVx/v 

7 

up while the 10,000 lb. load acts down. Therefore, H« = -— x5180 
= -3625 lb. acting from left to right. 
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The load on the right hip is l l / 2 times as great as the one on the 
left hip; both act downward. Therefore the H value for this 12,000 
lb. load, which we call H 7 , will be one and one-half times H 4 , or H 7 
= 2000 x 1 y 2 « + 3000. 



Finally, draw sketch E for 9000 lb. force on right slope. Roller 
is at left end, opposite to point of application of load; hinge at right 

end, which is nearest the load. V 8 = ~ = 1575. Mq— 1575 x 

36^2 = 57488. M B = 1575 x35 = 55,125; M c = 1575x5 = 7875. 
Substituting in formula (6) the above moments and dimensions of sketch 
E and giving a negative value to H 8 , as it acts from left to right, 
opposing the 9000 lb. applied load, 

h 8 = - 

r 5 7,488 (2x 11.18x7 + 3.35 x 10) +55,125 [10 (3 x 30 + 2 x 3.35)+ 3.35 x 7] 

22,472 

7875 1 f" 57,488 x 190 + 55,125 x 990.5 

+ 2xl0j~" L 22,472 

= — 3310 lb. acting from left to right at left end of the frame. 

Fig. 948 shows the values of Hi, . . . H 8 and of the balancing 
forces at the right and left hinges. Summing up, we find that the horizon- 
tal force at the right hinge, which we denote as Hr, necessary to hold 
all the loads in equilibrium at that hinge, amounts to + 255 lbs., acting 
from right to left. Similarly, at the left hinge, the horizontal force 
which we denote as Hl, necessary to hold all the loads and Hr in 
equilibrium amounts to -7255 lbs., acting from left to right. 



+ 5020 * 
- 410 - 
—2000 - 
- 20 00 - 
-5180 - 
+ 3625 - 
- 3000 - 
— 3310 - 

“-7255- 


\ 

- H|®+ 980 

H 2 «+ 410 

► Ha*— 2000 

H 4 ~+2000 

- H 5 =+5I80 

► H 6 =-3625 

H 7 »+3000 

*“ -5690 

« Hr* + 255 


Fig. 948. 
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Values of H for Hinged Frames 
Concentrated Loads 


SAWTOOTH FRAME -Constant Mt of Inertia 

M4 


SYMMETRICAL HIP FRAME 

Constant Mt. of Inertia 



Stogie load, horizontal or vertical, at apex. 

M. 


0 


6 Ma 


*-4 oWH 

Single load, horizontal or vertical, 
applied at hip. 


li_ Mb+Mc 

2h 


Net*: For horizontal load P at hip, faraniia® r*duc« to H«^r 


VT h 

Single load, horizontal or vertical, 
applied on either slope 
|| NU2pn+nh)+NU2h(iHr)+nql ^ 


SYMMETRICAL GABLE FRAME 
Constant Mt of Inertia 


^sC_ H 

Single load, horizontal or vertical, at apex 



Single load, horizontal or vertical, 
applied on frame’s sloping side 

jj_ Mg(£f q + n h)f Maf h(3p -f2n) + nq] . He jt \ 
2hHZf+3p) 2h"^ 


Not*. For horizontal load P otppax, formula® reducaj to H 


Single load, horizontal or vertical, 
applied on either slope. 

II M a (2rq-i-nh)+HB[2h(rH-r)-i-nq1 


kMb 


Single vertical load applied between hips. 


M,( 2 f+ 3 ro)+ 3 pM, + Mc( 2 f+ 3 n) 


2h(2f+3p) 
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Values of H for Hinged Frames 

Concentrated Loads 


SYMMETRICAL TWO HINGE ARCH FRAME OF ANY SHAPE 

On* moment of inertia 


| Mf Single uerTicci or horizontal load at any panel point-a# junetien 

cf slralqhi line segments 

0R 

^"7 l* #l “ Any number of equal or unequal vertical ond/6r horizontal loads 

Hr-V crt some or all pond points applied simultaneously 

ARCH RING DIVIDED INTO TWELVE 4 **** *' ** * * 2 " e * ”** * 

CQUAL STRAIGHT LINE SEGMENTS Note that for horizontal loads applied to the right hclf of the arch, the H 

given by the formulo is Hl See Plate 71, Position and direction of H* 


ARCH RING DIVIDED INTO AN EVEN 
NUMBER OF EQUAL STRAJ&T LINE 
SEGMENTS LE.55 THAN TWELVE (8 SHOWN) 


Loading cs above 

Formula (0ob«v« con be used without recalculation by d»cr#osmg th* 
number of term* Thu*, for on EIGHT equal straight segment arch, 
the value of tW reads’ 

U (MB*Mij(4a*b)*(Mc*M*Ya*AbiO*(Mp*f»yb«4c^d)-r?Mtfgil«0 
M,= 4(£o* 1 ob- 2b* t bc*2<** ca«d k ) 



Loading os obovi 


^T,, ■» Formula(S)above con be used without recalculation by increasing 

— U-jjULi t 1 . 1 The number of terms. Thus, for a SIXTEEN equal straight 

H * segment arch, the value of Wp reads 

ARCH RING DIVIDED INTO AN EVEN NUMBER OF EQUAL 
STRAIGHT LINE SEGMENTS GREATER THAN TWELVE (l6 SHOWN) 

, , (MB»M^ki«b)t(Hc»MtYor4btc)T(Mo*Me)(tH4e*4*(HtrHij(cf4<d»e)'F(Mr»ML)(d<4a4)T(M6'»MR)(eA4f*gK(MurMj)ff*40Ah)*2Mitzh<'fl) /Cgv 

AlCZaVabtE tbc+2c*V cd/zd** de « ieVet-* zfMg-i 2$Vgh + h 1 ; ^ 
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Values of H for Hinged Frames 

Concentrated Loads 



3 M&h l 


Wii MnHn'+ m hth')+ 6 ih : 

*i u 


7-© 


Ng?£ Tor jingle horizontal load P 
applied at top of upper column section. 


»■? @ 



Single horizontal load 
applied to lower column section 

3M„|^+ab+b».)ii +„|( ffl +h)+il] 

4m -ji 4 4fiit.[i)t J +fFih th l ) + 6ih 4 

np angle hon. 

»n sections, 

3M,|m J |i-+r 1 ii(mt h )+|h] 

4ih J t* + 4n-j t -(m 1 +mh th 1 ) +6ih‘ 

*1 


© 


Moth For angle horizontal load applied at junction of the 
tw»coh»n sections, the above value of H reduces to 


7 "® 



Crone moment applied at junction of 
lower and upper column sections 

Mi. 1 

4m 5 ii + 4n-|i(m ! +mh+h 1 )+6ili i 

I| t 3 







DESIGNING OF ARC WELDED STRUCTURES 


695 







696 


PROCEDURE HANDBOOK OF ARC WELDING 


Values of H for Hinged Frames 

Concentrated Loads 


SYMMETRICAL GABLE BENT 
Two Moments of Inertia 



Single vert loot loed applied to elope. 
Mftfepq i mh Hjnqt ph+2k(ntp)] 


4h , -j*’ 4 4p(h*+hk-fk 2 ) 

Note I For single vertical load epiici at 
apt, the above value off H raducas to : 

... 2M c n(2l<+h) _ 


4KY +4p(h l +hk+k’) 



jingle horizontal load 
applied to column. 

H Mt[(3h* - a 2 )]^ l +3p{h'fk| 

4h a ]»- + 4p(K J +hk+k 2 ) ^ 

Note For single horizontcl load applied at top 
of column the above value of H reduces to: 

. — q 

4h 3 -j2- + 4 p(h 2 + hk + k 1 ) 




Single horizontal load applied to slope. 

Hcfo+ph+Zkm 

4k , -j‘-+4p(l?+kk*k1 


NoTEa For single horizontal load P applied at apex: 
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Values of H for Hinged Frames 

Concentrated Loads 
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Values of H for Hinged Frames 
Concentrated Loads 


SYMMETRICAL MONITOR BENT - Two moments of 


if' "4 

Single horizontal load applied to column. 

* u s .^.«(feW.- t -ifirt!sLt fid— ... 

«• 4h l ~ t 6pk*+4s(gi£h*h*}+ +r(| 2 + ( |ktk1 

When load Pis applied to top of column, formula @ becomes: 

u.— • r Wj *). <0) 

4h j* + 6pk*+ 4$(g+gh+h ! ) + 4r(£\£lCtl<*) ^ 

ms y \ 

i 

Single horizontal load applied to lower slope 

h 4h 3 ^ *■ 6pK*+ 4*(gigh*hj + 4r($+£k*K*) 

M 

>rr^S‘ 

•Ox j L 

, n 

Single horizontal load applied at top of lower slop*. 

x Mflfeh* 4f + ofcht^)] +3(M» t Mr)[f (2$4h)+rGf+k) + pk /tk 

4h* + 6pk*+ 4s(j Vfh+H 1 ) + ^ 

r 

WjM 

Single horizontal load on upper slope 
* |. M B [2h* + a(2fl+^S+ Mctw 

N> 4h’ |? + 6pk*+ 4s(g^h+h^ + 4r(’$ l +,$k+K} 

' ® 
Jl 

l 

^ V 

li 

/ 

Single horizontal load P applied to «nd of cres* beam. 

H—f* © 

H~ 
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Values of H for Hinged Frames 

Concentrated Loads 




ARCH RING, 
NUMBER OF 
SEGMENTS 


DIVIDED INTO AN EVEN 
EQUAL STRAIGHT LINE. 

U55 THAN TWELVL.(8SH0Wfi) 


Loading a3 above. 

Formula 6?)above can be used without' recalculation by decreasing the 
number or berms. Thus, for an LIGHT e<jua! straight segment arch bent, 
the value of H reads; 


t)(*»4o+ b)+ (Mt*Mr)(Q»4b*c)t(Mc*MEjfl>4c*d)-» ZMofrd+c) 
r 4*- + 4 (z *+za ~ 2aVa b *Zb*+ bc+ Zc l +cd +d l ) 



,1 [ , 11111111 _ Loading 05 above * 

H H Formula 0 above con be used without recalculation byincreo 

ARCH RING DIVIDED INTO AN EVEN NUMBER OF EQUAL jin * tlie number of terms. Thus, for a .SIXTEEN etjual 
STRAIGHT LINE SEGMENTS GREATER THAN TWELVE. 5trai ^ segment arch bent, the value of H reads: 

16 SHOWN 


l«4^b)»(M^Hi|(a^b*c)t(tbM^bHcKjMMotM0(ct4d->4 + (ME»Mi()fdt4e^f)>-(flF+Hr)fe»4ftg)i(Mg*Mi)ff>^h)-i‘2MH(zh->J 
f4F + 4 (rVza + 2a’+ ab 2 b*+ be + 2 c*+ cd * 2dVde*2e*+ef4-2f I +fg-r2g I + flhth i ) 
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Values of H for Hinged Frames 

Concentrated Loads 



ARCH RING DIVIDED INTO TWELVE. 
C.CLUAL STRAIGHT LINE. SEGMENTS. 


L*4a*lj)»(K6*Mj(a*4b*c 


♦4.{z*-i-z<i +2a*+ab+2bVbc+2c I +cd+2d 1 fde-»-2e*+ftf+ P) 


Single horizontal load applied to top of column or to any 
“panel point* le junction of straight (me segments 
OR 

Any number of e^ual or unequal horizontal loads 
applied to some or to all panel points and/or to 
column top simultaneously. 

Note that for horizontal loads applied to the right 
half of the arcn, the H given by the formula is Hu 
See Position and direction of H" 

4e+ fl+gMrfe f»e) Q 



ARCH RING DIVIDED INTO AN EVEN 
NUMBER OF EaUAL STRAIGHT LINE 
SEGMENTS LE55 THAN TWELVE (8SH0Wt| 


Loading as above 

Formula 0) above con be used without recalculation by decreasing the 
number of terms. Thus, for on LIGHT e<^ual .straight Segment arch bent, 
the value of H* reads : 


^"rfi-Ez+a) T (^M^z»4a*b)*(MB*HF)^t4b*cJ-^Mc»Mtybi-4c»cl) t2Mpfcd+c) 

^ ' 
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Values of H for Hinged Frames 

Concentrated Loads 



Siigie horizontal bod applied to coluvn 


Ht Ho 

ARCH RING DIVIDED INTO TWELVE 
EQUAL STRAIGHT LINE SEGMENTS 


h _Hvp i 94? +6fe+o+h4Ctd*e 43 

4(z^za ♦ 2 a*t ab+2&bc + ZcVcdtEd^de +2**+ eft f 1 ) 


ARCH RING DIVIDED INTO AH EYEN 
NUMBER OF EQUAL STRAIGHT LINE 
SEGMENTS LESS THAN TWELVE. (BSHOVn) 


Loading at above. 

Formula above can be uud without recalculation by dtorcatii^ the 
number of terms. Thus, for an EIGHT equal straight segment arch benl^ 
the value of Hr reads: 


1 6(f-+q+b+ct 4U 

* +4(2^za +2aVabt2b+bc+2Acd+d^ 



U_ IJJLLJ LLLt c Loading as above. 

Hl Hr For mul(50 above can be used without recalculation by Increa- 

ARCH RING DI VIDED INTO AN EVEN NUMBER OF EQUAL sir tf th * number °f 1wm ‘ Thus » fw « SIXTEEN equal 
STRAIGHT LINE SEGMENTS GREATER THAN TWELVE. stro ^ t crch bftnft, +h* Value of Hr read*: 

(IB SHOWN) 


+4 (z*+za +2a*+ab + 2b*+ bc+ Z c*+c d+ 2d*+de +2e*+ ef + Zf*+ f£+2g^h +h 2 ) 
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Values of H for Hinged Frames 

Concentrated Loads 



ARCH RING DIVIDED INTO TWELVE 
EaUAl STRAIGHT LINE SEGMENTS 


Moment applied to colu 


3My[( z jr^)4? +2(?+a+b»c*d+e»4)jl 

-U 44 (z**za + 2 a 2 + ob+2b+bc + 2c*+ed+2d 4 +de+2e*+ef+7*r 



ARCH RING DIVIDED INTO AN EVEN 
NUMBER Of EQUAL STRAIGHT LINE 
SEGMENTS LESS THAN TWELVE (BSHOWN) 


Loading «$ above 

Formula(0) above con be used without recalculation by decreasing the 
number of terms Thus, for an EIGHT equal straight segment arch bent, 
the value of H reads. 


. 3My[(ffiH» + Z(j-*q«b*c4 4)] 

-k + 4fz*+za i- 2a*+ cb-i-Eb + bc +2c z +cd+d*) 



1 Li LLLL-LLl Loading as above. 

i H Formula <£*) above Con be used without recalculation by me 

ARCH RING DIVIDED INTO AN EVEN NUMBER OF EQUAL 5m l the number of terffl5t T},liS * for a -SIXTEEN equ* 
STRAIGHT LINE SEGMENTS GREATER THAN TWELVE. straight segment arch bent, the value of H read*: 
(l6 SHOWN) 

u«_ — ■ ♦ 2 it ± *+ b ♦ c + d ♦ e +f +g ♦ jfl ^ 


^ 1 4 (z 2 + 2 d *2a l + ab+ 2 bc-r2 c 2 + c di-Ed* de+2e*+ eft- 2f 2 -»fg+£g^+ h“) 
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Values of H for Hinged Frames 

Uniform Loads 


.SAWTOOTH FRAME. 

Constant moment or inertia 


.SYMMETRICAL HIP FRAME. 
Constant mt. or inertia 




! 

y 

Lh 

| 

t*—h 


4 


Uniform vertical load 
3m(4i-3m)+}>n(4^Jn) 

K (S*» 


li wk J5 + 4(pn-sm) 
Hs eF 


•5YMME.TRICAL GABLE. FRAME. 

Constant mt. or inertia 


Uniform vertical load 
j. _w sc (4l-3q)+ t)f^6a(f-fl)] 


k(25+3p) 



Uniform horiionta! load 

u- wK r 5s+€p >cn 

H & IS+ 3 P ® 


SYMMETRICAL MONITOR FRAMt 
Constant mt. or inertia 

I Loa& w pu FeSr 1 



Uniform vertical load 

H* © 


Uniform vertical load 

, w 3ga (4^3a) » r[6a(&^(|(t^t2(b-4^~2a^^^ 

‘"A* Zsg l +3pfi+zr(p+$K+V) 



Uniform horizontal load 

H ' 6 “ ^ ® 
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Values of H for Hinged Frames 
U niform Loads 


SYMMETRICAL monitor sent 

Two Me fa of inerha 
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A 40 foot arc'welded hinged gable bent with constant moment of 
inertia, loaded as indicated with nine vertical loads, three horizontal 
wind loads and a three ton crane is shown in Fig. 949. The craneway 
is supported by column brackets. 



Fig. 949. 


CALCULATIONS 

1) Vertical Loads. 

Loads B and D, Being applied directly on the columns, produce a 
direct column stress but have no other effect on the bent. 



Sketch Qi for lord Qt Sketch QZ for lord QZ 

Loads Qi. Remembering that, in the formulae given in these pages, 
the symbols Mb, Mq, Me, Md etc. mean the moments at points B, Q, 
C, D etc. due to ONE given load on the structure when the structure 
has a ROLLER under one support, as indicated in Sketch Qi, single load 
Qi gives the following V and M values: 
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on urr column on mm column 

3700x4.42 w 

Vr = — =410; M Q1 = 410 (40-4.42) = 14540; 

Me = 410x20 = 8200 


B 1 L k-2739 
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From formula 30, we get the value of H by substituting the values 
indicated in Sketch Qi as follows: 

14540 (2x21.5x21.74 + 4.75x20+ 16.75x27.89) + 

H =8200 [16.75 x 21.74 + 21.5 x 20 + 2 x 27.89 (16.75 + 21.5)] 

4 x 20» x 1 + 4 x 21.5 (20 2 +20 x 27.89 + 27.89 2 ) 


14540x1497 + 8200x2928 
181265 


= 253 


Loads Q2. From sketch Q2, 

3700 x 9 54 

Vr. = - = 882; M Q2 = 882 (40 - 9.54) = 26865 ; 

M c = 882x20 = 17640 


From formula 30, H = 


26865x1540+ 17640x2524 
181265 


= 475 


Loads Q3. From sketch Q3, 
3700x14.66 


Vr; 


40 

M c = 1356x 20 


= 1356; Mq 8 = 1356 (40-14.66) = 34360; 
27120 


From formula 30, H = 


34360 x 1584 + 27120 x 2098 
181265 


= 617 


Load G. From sketch C, 

V R = 1850; M c =1850 x 20 = 37000. 


From formula 31, H=- 


2x37000x21.5 (2x27.89 + 20) 
181265 


= 665 


Summing up the H values due to the individual vertical loads, and 
remembering that there are three loads Ql, Q2 and Q3, the total H for 
the vertical loads is: 

Hr = 2 (253 + 475 + 617) + 665 = 3355, acting from right to left; 
also Hl = 3355 at left support, acting from left to right, to balance Hr. 

2) Horizontal loads. 

Load X. By formula 33, H = = 600 


Also Vr = 


1200x27.89 

40 


= 837 (Fig. 949) 


Load Y. From sketch Y, 


V R = 


2200x20 


1100; M b — 1100 x40 =* 44000 


40 



710 


PROCEDURE HANDBOOK OP ARC WELDING 


F» formula 11, H - “°°° E i fi° + "Ml 
= 945 

Load Z. From sketch Z, 


V R = 


2400x13.5 

40 


= 810 Mxl= 810x40 = 32400 


From formula 32, H = 

32400 [3 x 2Q2 - 13.5 2 + 3 x 21.5 (20 + 27.89)} _ 
181265 


Summing up the H (right support) reactions due to the individual 
horizontal wind loads, the total H for the horizontal loads is: 

Hr = 600 + 945 + 735 = 2280 acting against the wind, from right to 
left, and H L = 600 + (2200-945) + (2400-735) = 3520 also acting 
against the wind from right to left. 

3) Three ton crane load. 

The maximum vertical reaction that the crane can give is 17500 lbs. 
which is applied (Fig. 949) at the end of an arm IV 2 ft* long. The 
maximum crane moment is thus 17500 x lj/^ = 26250 ft. lbs. This is 
shown applied to the left column. 

From sketch W and formula 36, 


3 x 26250 [6.5 x 1 (13.5 + 20) + 21.5 (20 + 27.89)} 
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at the end of a l]/ 2 ft. arm. The moment is 7750 x l l / 2 = 11625 ft. lbs. 
From sketch V and from sketch V and formula 36, Hl = 240 acting 
from left to right. This force is balanced at the right support by a force 
of 240 acting from right to left. 

The value of H could also be obtained from sketch W by proportion 
of the moments on the left and right columns, thus: 


H l = 


11625 

26250 


x 542 = 240 


The value of H for all loadings having been established, the ACTUAL 
moment at all points of the bent can now be found. 

The moments for vertical loading are shown in Fig. 950: 

At Xl, the moment is 3355 x l?> l / 2 = - 45290, the sign minus being used 
when the moment’s direction causes tension on the outside of the frame. 

At point B, the moment is 3355 x 20 == - 67100. 

At point Ql, the moment is 12950 x 4.42- 3355 x 21.74 = - 15700 
Similarly, M Q2 = 12950x9.54- 3355 x 23.76 -3700 x 5.12 = 24885 ft. 
lbs. M Q3 = 12950 x 14.66 - 3355 x 25.78 - 3700 (5.12 + 10.24) = 46525 
ft. lbs. M c = 12950x20 -3355x27.89 -3700 (5.34 + 10.46 + 15.58) 
= 49325 ft lbs. The above values for vertical loads are indicated in Fig. 
950 as the ordinates of the moment diagram. 



Moment Diagram for Horizantal loads 

Fig. 951. 


Fig. 951 gives the moment diagram for the horizontal wind loads. At 
the left crane bracket, the moment due to wind is: 

Mxl = 3520 x U l / 2 = 47520; Similarly, at points B, C, etc., 

M b = 3520x20-2400x6i/ 2 = 54800; 

M c = 2747 x 20 - 2280 x 27.89 = - 8650; 

M d =2280x20 = -45600; 

M X r = 2280 x 131/2 = - 30780 

Fig. 952 shows the moment diagram for maximum crane load applied 
to the left column. The crane moment from the bracket is 26250 ft. lbs. 
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Remembering that moment values causing tension on the outside of the 
frame are written with a negative sign, 

Mxl below bracket = 542 x 1 3J4 = -7315 ft. lbs. 

M XL above bracket = 26250-7315 = 18935 
M b = 26250-542x20 =15400 
M c = 656 x 20 - 542 x 27.89 = -2000 
M d = 542 x 20 = - 10840 
M X r== 742 x 131/2 = -7315 

Fig. 953 gives the moment diagram values which exist in the frame 
simultaneously with the values given in Fig. 952 due to the minimum 
crane moment on the right hand column. The applied moment on the 
right column is 11625 ft. lbs. 

M X l = 240 x 13J4 = -3240 

M b =240x20 = -4800 

M c = 291 x 20 - 240 x 27.89 == -87 5 

M d = 11625-240x20 = 6825 

M X r below bracket = 240 x 1 Z l / 2 = -3240 

M X r above bracket = 11625-3240 = 8385 

Splices . — -Welded frames are so designed that most of the welding 
is done in the shop. 

The maximum shipping height of structural material is about 12 
feet. From the above factors, a welded frame, such as the one under 
consideration, will be shipped in three sections, field'Spliced somewhere 
between points B-C and ChD and up-ended into position. Proper splicing 
points need to be selected. 

To minimise fiekhwelding, splicing should be done at points that 
have as small a shear and a moment under all conditions of loading as 
possible. 

A glance at Figs. 950 to 953 inclusive, reveals that no loading causes 
any very large moment at the quarter point sections of the gable beam, 
i.e. at points about 10 feet from the columns. 

Consider then a section 10'-6" from the center line of columns, 
so as to clear the connections of the purlins coming in at points Q2, 
Fig. 949. 

From Fig. 950, it will be noted that the vertical loads cause a positive 
moment of 29400 ft. lbs. at this point; from Fig. 951, the wind loads 
cause a positive moment of 21500 ft. lbs. at the same point; the maximum 
crane load adds a moment of 6270 ft. lbs.. Fig. 952, while the minimum 
crane load, Fig. 953, causes a negative moment of -2740 ft lbs. at this 
same point. We then have a total positive moment at the proposed 
splice point 

M s = 29400 + 21500 + 6270-2740 = 54430 ft. lbs. 

The maximum negative moment at the same point is due to wind and 
crane loading only. The wind produces, Fig. 951, -26200 ft. lbs.; the 
max, crane load, Fig. 952, adds -6200 ft. lbs. while the minimum crane 
load contributes a positive moment of 2750 ft. lbs. At the same time, even 
if there is no live load on the roof when these wind and crane loads are 
applied, there exists the DEAD LOAD of the roof. Assuming that this 
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-2000 



APPLIED TO LEFT COLUMN. 

Fig. 952. 


-875 



Fig. 953. 


dead load amounts to 30% of the total vertical load, it contributes a 
positive moment equal to 30% x 29400 ft. lbs., Fig. 950, or 8820 ft. lbs. 
The max. negative moment at the proposed splice points is then 
M s = - 26200 - 6200 + 2750 + 8820 = - 20830 ft. lbs. 


Design Moments . — From the moment diagrams, Figs. 950 to 953 
incl., the design moments, i.e. the moments actually needed to make the 
design, are obtained. 


Gable Beam . — The maximum positive moment occurs in the center 
of the beam with vertical loads only, no wind, no crane. From Fig. 950, 


M c - 


49325 ft. lbs. 
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The max. negative moment occurs at point D and is due to a com' 
hination of vertical, wind and crane loads. From Figs. 950, 951, 952, 
953, this maximum negative moment at point D is 

M d = - 67100 - 45600 - 10840 + 6825 = 


- 116715 ft. lbs. 


The maximum positive moment at the ends . of the gable . beam 
occurs with wind and crane loads only. From Fig. 951, at point B, 
the wind moment is 54800 ft. lbs.; the maximum crane load adds 
15400 ft. lbs.. Fig. 952, while the minimum crane load, Fig. 95 3, con- 
tributes simultaneously a negative moment of -4800 ft. lbs. Coincidently, 
just as was noted above for maximum negative moment at the splice 
points, the DEAD LOAD of the roof, taken at 30% of the total vertical 
load contributes a negative moment of 30% of the vertical load moment 
at noint B Fig. 950, i.e. 30% x - 67100 = - 20100 ft. lbs. The maximum 
positive moment at B is therefore, Mb = 54800 + 15400-4800-20100 
= 45300 ft. lbs. This is not a design moment since the negative moment 
at the gable beam ends figured just above for point D is much greater 
than this. 


Columns . — The maximum column moments, at the top and at the 
bracket, are both negative moments. At the top, the moment, naturally, 
is the same as at the ends of the gable beam, i.e. 

-116715 ft. Ibs7 

At the bracket, the maximum moment is due to combined vertical, 
wind and crane loads. From Figs. 950, 951 

M xr = -45290 - 30780 -7315-3240 = 


, 952, 953, 
-86625 ft. lbs. 


Splices . — The maximum moment for which the field splices are to 
be designed has been found above to be the positive moment due 

to vertical, wind and crane action, amounting to 54430 ft. lbs. 

The moments noted above which are enclosed in a rectangular 
border are the DESIGN MOMENTS for tins frame, i.e. the moments 
governing the design of material and welded joints. They are: 

Gable beam 49325 ft. lbs. at center, from Fig. 950. 

Gable beam - 116715 ft. lbs. at hips, from Figs. 950, 951, 952, 953. 
Columns -86625 ft. lbs. at brackets, from Figs. 950, 951, 952, 953. 
Field splices 54430 ft. lbs. 10y 2 ft. from columns, Figs. 950, 951, 
952, 953. 


Proportions . — The moment at the junction of the gable beam to the 
columns is due to a combination of vertical, wind and crane loads. For 
such combined loads, stresses 33% greater than the usually allowed 
stresses are generally employed. Furthermore, the junction of beam and 
column is a point that must be effectively braced, laterally, especially 
opposite the compression (lower) flange of the beam. At this point, 
therefore, the maximum allowed stress will be 18000 x 133% = 24000 
lbs. per sq. in. Assuming that both beam and column are made from a 
1 6 y, -40 lb. I, Fig. 954, the maximum beam stress is 
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A + I 

where H is the total force found above, Figs. 950 to 953 inclusive, due 
to combined vertical, wind and crane loads, M is the design moment at 
the joint, in inch pounds, y is half the beam depth, A is the area of the 
beam and I its moment of inertia. 

Thenf =^ 355 + 2280 + 542 + 240 ^ 0,93 1 116715x12x8 

= 22245 lbs. per sq. in. 

The maximum column stress is 

f = ^-+ ——where V is the total vertical column load 



KSI 
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plus column reactions due to wind and crane loads. Figs. 950 and 953 
inclusive. 

__ , 12950 + 1800 + 2747 + 656 - 

Then f — 


■ 291 116715x12x8 


11.77 ' 515.5 

= 23250 lbs. per sq. in. 

Opposite the bottom of the crane bracket, the maximum column 
load is the same as at the column top plus 17500 lbs. from the crane. 
The design moment at this point is 86625 ft. lbs. Then 


{ '17862 + 17500 + 86625x12x8 


19130 lbs. per sq. in. 


11.77 ‘ 515.5 

This col umn is braced as shown in Fig. 949, so that its unsupported 

, _ ... 8y 2 xl2 

length is about Sy 2 ft. Whence the stiffness ratio 1/r = — j-y — = 68. 

The corresponding allowable column stress is 14321 x 133% for com' 
bined loads such as is the case here or 19100 lbs. per square inch. 

On the strong axis, the column is unsupported from top to bottom. 

Whence 1 /r = 20 - x - - 2 = 36. The allowable stress is 15000 x 133% 
6.62 

= 20000 lbs./sq. in. 

The design moment at the points selected as field splices is 54430 
ft. lbs. Referr ing to Pages 711 to 714, the shear at these points is 5550 
lbs. from vertical loads, Fig. 950, 2747 lbs. from wind, Fig. 951, and 
656 minus 291 lbs. from crane loads. Figs. 952 and 953 or a total 
of 8662 lbs. 

, , , r r 54430x12 

The flanges need to be spliced for a stress of ~ ^ x 133 ^ / ~ 

lbs. while the web, due to the low shear across the section requires but 
light splicing. 

The crane bracket will be made of a piece of 16"-36 lb. I, welded 
to the face of the column and backed up by stiffener plates connected 
to the col umn web as shown in Fig. 954. The bending moment is 26250 
ft. lbs. whence the maximum flange stress is 

.. My 26250x12x8 ■ 

f — — I— — = 5 646 lbs. per sq. in. 

I 446.3 

The flange of a 16"-36 lb. I is 7 "x % 6 ". Assuming that the entire 
flang e car ries 5646 lbs. per sq. in., the outward pull on the column at 

the top of the bracket and the compression at the bottom would be 

5646 x 7x % 6 = 17300 lbs. or 2470 lbs. per inch of flange. 


Welding, Cutting and Details . — Joint C, in the middle of the beam, 
is formed by V-cutting the beam as illustrated in Fig. 915, detail C, 
folding it and welding both web and flanges together. The design 
moment at this joint, 49325 ft. lbs. is only about half the capacity of the 
beam (97000 ft. lbs.); consequently no stiffener is used at this point. 

49325 x 12 

The flange stress is — — = 5300 lbs. per inch of flange. Fig. 

954 rails for a full butt-weld y 2 " thick, or equal to the thickness of 
the flange of the beam. Its value @ 16000 lbs. per sq. in., the allowable 
unit stress for a shielded arc butt-weld in tension, is 8000 lbs. per lineal 
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inch. This welding is called for because this weld is located in an im- 
portant position and is subject to considerable twisting when the frame 
is erected. 

It might be noted here that that part of the frame comprised between 
the splices could be a 16"-36 lb. instead of 40 lb. I. The reason this is 
not done in this design is that the 36 lb. beam is Y§” shallower than the 
40 lb. beam which makes it hard to line up the sections in the shop. 
A saving of 75 lbs. weight is soon lost when the shop has to stop to make 
fine adjustments. 

No important shears occur at point C so that the only web welding 
needed is enough to join the cut sections together. The web being % 6 " 
thick. Fig. 954 calls for a % 6 " weld on each side. 

Joints B and D, at the junction of beam and column, are built along 
the lines indicated on Page 663, a very effective joint. The compression 
of the inner flange has to be delivered into the beam web while the 
compression in the bottom flange of the beam goes into the column web. 
Under heading “Proportions” above, it was shown that the maximum 
stress in those flanges is about 23000 lbs. per sq. in. so that the total 
force to be transmitted into the webs is approximately 23000 multiplied 
by the flange area, or 23000 x 7 x l / 2 = 80000 lbs. 

The triangular stiffener bars shown in Fig. 954, are Yz” thick, the 
same thickness as the beam and column flanges, and are welded to 
the webs by 32" of %" fillets having a shielded arc value of 2500 lbs. 
per lineal inch, a total of 80000 lbs. 

The butt-weld at the junction of the beam and column flanges is 
also proportioned for 80000 lbs. Its value per linear inch for shielded 
arc is y 2 x 18750 giving a total value of 

18750x1/2x7x133% = 87000 lbs. 

Crane brackets. The 16"— 36 lb. beam section used as crane brackets 
and the connections of the triangular gussets to the inside of the column 
flanges have a stress of 2470 lbs. per inch to handle, as noted under 
heading “Proportions”. This stress could be handled by a J4" fillet. The 
design, however, calls for a full % 6 " butt- weld, Fig. 954, equal to the 
bracket beam’s flange. 

The web of the bracket has 17500 lbs. shear to handle including a 
25 % impact allowance. The welding of bracket web to column called 
for in Fig. 954 exceeds the requirements: the two fillet welds 

called for have a capacity of about 60000 lbs. The pairs of triangular 
gussets are each intended to transmit 17300 lbs. into the column web: 
the % 6 " fillets connecting these gussets to the column web can handle 
more than twice that amount. 

Where static stresses are involved, welding should be proportioned 
to the stresses. But where impact stresses are concerned, it is wise to 
recognise that they proceed from mere estimates and to provide reserve 
strength. Crane operation is not one of the gentler arts: many situa- 
tions arise which cause unexpected demands on equipment and supports. 

Column bases. Little welding is needed between the bottom of the 
columns and the base plates since these have been designed as hinged. 

The anchor bolts are set so as to hold the frames in place after 
they have been upended into position, before any purlins have been 
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placed. Evidently, until then, the frames have a tendency to fall side- 
ways. For this purpose, the welding is disposed around the ends of the 
column flanges so as to bring any tendency towards leaning over side- 
ways to the anchor bolts. 

Splices. At the splice sections, the flanges, as noted under heading 
“Proportions”, are to be connected for 30615 lbs. Using a 7 x J4" splice 
plate, cut to the shape of a parallelogram, and J4" fillets, shielded arc 

value 2500 lbs. per linear inch, the length of welding required is 

= 12". One end of the splice plates is shop-welded. Fig. 954, the other, 
field-welded. The shape of the splice plates, in addition to providing 
the length of weld required, permits the field-welder to complete the 
flange welding without having to turn the assembled frame over. 

The web is shown provided with a 2" x /Z f splice bar, used largely 
to cover up the gap between the web ends, and secured by 2 x 
tacks. This plate is placed on only one side of the web. This together 
with the design of the flange splice plates mentioned above, makes it 
quite unnecessary to turn the frame over in the field to complete the 
welding of the splices. The splicing is all done from a single set-up and 
the frame is then hoisted into place. 

In connection with rigid frame splicing and assemblies in the field, 
it should be borne in mind that the overall width or span of such frames 
in the finished structure must be precisely the same as that of all the 
other adjacent identical frames. Therefore, a field templet should be 
provided, corresponding to the shop jigs, to permit setting up the com- 
ponent parts of each frame rapidly and accurately before proceeding 
with welding the field splices. Such a field templet is readily set up 
on the field assembly skids. 

It is also a good idea to provide amid the skids a pit in the ground 
right under the frame splice points wherein the welder may stand in 
a comfortable position while welding up the field splices. 

Bar Joists. — There are several types of bar joists of patented 
designs on the market which are built by welding. It is usually more 
economical to use these standard types of joists where design permits 
than to fabricate special bar joists. However, to meet special design 
requirements bar joists can be quickly and easily fabricated. In some 
cases this has been done on the construction site. 



Fig. 955. 
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Fig. 956. 


Fig. 955 shows the frame work of a job welding shop. The light 
roof trusses carry and are braced by bar-joist purlins which, in turn, 
support a metal deck roof. All connections are field-welded. 

Arc welding also provides an efficient means for securing bar 
joists to their supporting members. A short tack weld on each side 
of the bearing plate at the ends of the bar joist permanently joins the 
joist to the framework. The Fig. 956 shows bar joint arc welded in 
place. This use of arc welding stiffens the entire structure because 
it actually ties in the framework, increasing its rigidity. 


Bar Frames With Double Webs of y 2 " Rods 



15* Frame 
With Y Ch. 
Chords 

12* Frame 
With 3* Ch. 
Chords 

15' Frame 
With 4* Ch. 
Chords 

12* Frame 
With 4* Ch. 
Chords 

Resisting Moment 

21000 ft. lbs. 

16550 ft. lbs. 

27500 ft. lbs. 

21700 ft. lbs. 

Shear Value 

3400 lbs. 

4150 lbs. 

3400 lbs. 

4150 lbs. 

Max. load 

6800 lbs. 

8300 lbs. 

6800 lbs. 

8300 lbs. 

Max. span with max. load 





uniformly distributed 

24'-9' 

16 '“0* 

30'-0* 

21 '-O' 

Corresponding approx, de- 
flection __ 

w 

W 

1* 


Spacing for 40 lb. load with 


ly-o* 

5'-8* 


max. load on max. span. 

Spacing for 140 lb. load 
with max. load on max. 

6'-10' 

9-10' 

span 

2 '- 0 ’ 

3 '-9' 

1 -7* 

I’-IO' 

Weight™ — 

11.0 lbs./ft. 

11.0 lbs./ft. 

13.6 lbs./ft. 

13.6 lbs./ft. 







Fig. 957, 
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Bar Frames. — Arc welding permits economical design of bar 
frames. These frames are generally designed for channel chords with 
angles or round or flat bar forming the web. The arc welded design 
of bar frame. Fig. 957, illustrates a double web type. Data on this 
type is contained in the table on Page 719. 

It will be observed that the single design shown in Fig. 957 and 
expanded to four sises of frames in the table above covers spans 
ranging from 16 ft. to 30 ft., spacings from l''7" to 13 ft. and loads 
up to 140 lbs. per sq. ft. 

Purlin Connections. — Purlins constitute the largest number of 
main pieces required in the frame of a mill building. They are com- 
monly designed as rolled beams or channels. The fabrication of a 
purlin usually consists of two or three holes at each end for connection 
to the trusses and two or four holes in the web for the sag rods. This 
entails considerable handling which in turn increases costs. 



Fig . 958 
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Transportation and handling costs may be reduced by shipping 
the largest possible number of purlins directly from the mill to the job. 

Purlins which do not act as braces for the roof trusses need no 
holes, or at most, only holes for the sag rods. The ends are arc welded 
to the roof trusses; the sag rod holes may be quickly located and 
burned through at the job before erection, with ample accuracy for 
their purpose. It is essential that some simple means of locating the 
nombracing purlins on the trusses be provided. Fig. 958 shows part 
of the roof frame of a mill building. 




Fig. 959. 



When the purlins ride on top of the roof trusses, as they most 
usually do, the simplest marker is the customary clip angle, Fig. 959, 
welded to the top chord of the truss. The purlin is laid up against 
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the clip and clamped to it or to the truss until welded. If the purlins 
are I-beams, a raised clip, Fig. 960, may be used, or the purlin, Fig. 
961, may be set between a pair of bar markers. 

If the purlins must frame flush with the supporting trusses, a suit" 
able seat, Figs. 962 and 963, is provided on a truss web member, on 
which the purlins are landed. 

Purlins which act as braces for the trusses require connection holes 
to permit lining up the trusses before the other purlins filling in 
between the braces, are set and welded. If the bracing purlins them" 
selves are punched, they are bolted to seat plates welded to the truss 
chord, Fig, 964, or, if the framing is flush, seats are provided as in 
Figs. 962 and 963 and the purlins are bolted to die seat. After the 
trusses are lined up and the diagonal tie rods tightened, the bracing 
purlins are welded to the trusses. 
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Fig. 966. 


It is not, however, necessary to punch the bracing purlins: they 
may be bolted to the trusses by means of plates shop or field-welded 
to the bottom flange, as shown in Figs. 965 and 966. In this man- 
ner, even the bracing purlins may be shipped from the mill directly 
to the job. 



Fig. 967. 



726 


PROCEDURE HANDBOOK OF ARC WELDING 


Rod Bracing. — Rods are particularly desirable for bracing pur- 
poses because they are adjustable. A number of simple welded con- 
nections for rod bracing are shown here. 

Fig. 967 shows a frame in which the girder beams are rod-braced 
at intervals. The rods are placed diagonally, under the beams. A 
square shoulder against which to turn up the nuts may be provided 
by welding a clip angle on the web of the girder beam and providing 
a short slotted hole in the girder's web. 

The arrangement shown in Fig. 968 can accommodate rods on 
a 30-degree angle, while, by turning the clip around, Fig. 969, a rod 
at 60 degrees may be provided for. By cutting one leg of a 6"x6" 
clip angle, all intermediate angles can be suited. 


<o*3i cup welded to girder web 


Plotted hole' 

IN &IRDEK. WEB 


mnmmmmajmrmuronm 4 

\ Plan 

Tit 

1 

KQO'' 


(pr < ZZTT| 

jUSil 

Clif^ \5lotted 

I 

(Tie rod not jhown^ 

HOLE 

L — - 




Elevation 

Fig. 968. 


At points where two rods must be handled, such as at points X, 
Fig. 967, they may be placed one above the other and the nuts turned 
up on the opposite faces of a clip angle, Fig. 970, or of a bent plate, 
Fig. 971. 

Rod bracing in mill buildings is not subjected to very great strains; 
nevertheless, the thickness of such clips or bent plates should be 
sufficient to prevent undue distortion which makes it harder to turn 
up the nuts. Where two rods come in together, it must be remembered 
that only one of the two is in action at any one time and the clip or 
plate should be proportioned accordingly. 
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If the rod adjustment is to be made by turnbuckles or by sleeve" 
nuts instead of by the end nuts, skew washers for the ends of the 
rods may readily be provided by means of an angle clip with the 








WELDED TO 


Z*l L CLIP 




Jlotteo hole. 


■ 



Flan 



Lllvation 


Fig. 972. 


end nut welded thereto as shown in Fig. 972. The fillet not only 
secures the nut to the clip but prevents the legs of the angles from 
spreading. 
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Fig. 973. 


Instead of a clip angle, a short segment of pipe may be used as a 
washer, Fig. 973. Such skew washers may be used for a wide range 
of angles, care being taken to make the slotted hole of ample length 
in the braced member. 

In Fig. 974, rods are employed for lining up the purlins and for 
bracing the supporting trusses. The clips may be attached either to 
the bottom of the purlins, as in Fig. 975, which is a detail of joint T, 
or they may be attached directly to the underside of the top chord, 
as in Fig. 976, which is a detail of joint Z. The clips may, of course. 
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be welded to the purlins or to the chords by two fillets, one along each 
edge of the clip. However, the leg of the clip placed parallel to the rod 
brace is very effective in bringing the pull of the rod to the purlin or 
truss. 




Plan .showing rod macing 

Fig. 974. 


Fig. 977 is a part elevation of a mill building showing the eaves 
strut, the columns and one of the braced bays; the sash girts, car- 
ried by the outside flange of the columns, are not shown. The rod 
braces are attached to the columns by clips of the type shown in 
Fig. 968, Page 726. If desired, the clips may be carried across the 
column web, as in Fig. 978, so as to bring the pull of the rods to the 
column flanges. 

It may be pointed out that, since the strains in rod bracing are 
not high, satisfactory tumbuckles for such rods may be made by 
welding two nuts to a pair of small tees as illustrated in Fig. 979. The 
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outstanding leg of the tees takes the bending when the tumbuckle is 
tightened. If flats are used instead of tees, they will bend when the 
tumbuckles are tightened up. 



Part or wall frame. 

^Girts not .shown) 

Fig. 977. 


Sleeve-nuts also may be made, by welding two nuts to some small 
angles, as shown in Fig. 980. For such purposes, all nuts must be 
placed square to the axis of the rods and held that way during the 
welding. After that, the threads of the nuts should be trued up as 
they may be slightly out of line after welding. 



Fig. 978. 
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Angle Bracing. — Angle braces are often preferred to rods, par' 
ticularly for wall bracing and as sway laterals over craneways. Fig. 
981 shows a common angle walbbrace made of two diagonal angles 
turned back to back. If these angles are just bolted or welded to the 
columns, one of the two angles will often be found bowed out of line 
when the building is finished. To avoid this, the bolt holes are some' 
times slotted at the lower end of each angle, the bolts in the slotted 
holes being eventually welded to the angles. This method has the 
merit of producing angle braces which are straight when the building 
is finished, but the braces are not practical for plumbing the building 
during erection. 



Fig. 982 shows an angle brace attached in adjustable fashion to the 
top of the column by means of a bolt engaging a square nut welded 
to the angle. The bolt passes through a slotted hole in the column 
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web and is turned up on a shoulder clip welded to the column. The 
axis of the bolt is very nearly in line with the center of gravity of the 
angle section and, as the nut is welded to both legs of the angle, the 
pull of the bolt is practically in line with the gravity axis of the angle. 



When the two sides of the column web are not accessible, as at 
corner columns, etc., the adjustment for the angle may be provided, 
as shown in Fig. 983, by replacing a short section of the angle with 
a right and left threaded bolt engaging square nuts welded to the 
angle at either end of the bolt. Another nut welded to the middle of 
the bolt forms a shoulder for turning up the bolt. 
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Fig. 984. 


Fig. 984 shows the bracing of a crane aisle, consisting of H-struts 
and angle ties placed in the plane of the bottom chord of the trusses 
and above the crane clearance. After the trusses and purlins are 
erected, the trusses are lined up and the bracing welded in position. 

To assist in lining up the trusses, one end of the struts may be 
provided with a nut welded to the web and top flange. Fig. 985, by 
means of which the truss to which the strut is thus attached may be 
moved in or out. The diagonals are placed with the heel of the angle 
uppermost, one leg being welded to the strut and the other to the truss, 
forming a very compact connection. 

Where the diagonals intersect, the upper diagonal a is cut into 
the lower one b, Fig. 986, and the two angles are welded to each 
other. If desired, a gusset may be welded across the lower angle 
b parallel to the direction of the upper angle a and directly below it 
to prevent any possible spreading of the legs of the lower angle due 
to the pull of the upper one. 

Another way of attaching angles in adjustable fashion is shown 
in Fig. 987. A bent bolt is placed through a hole in the web of the 
strut; the end of the diagonal tie angle is provided with a 1 // / shoulder 






DESIGNING OF ARC WELDED STRUCTURES 


737 


plate welded to both legs, perpendicular to the angle’s axis, forming 
a shoulder against which to turn up the nuts of the bent bolt. The 
diagonals are sprung by each other at their intersection. If there 
is no truss vertical adjacent to the strut to which the top of the 
strut may be secured, a small plate d may be used to stay the top of 
the strut against tipping because of the pull of the diagonals. 




As it is sufficient to adjust one end of a diagonal, the other end 
can be welded in fixed position. A connection plate may be placed 
across the web of the strut, Fig. 987, in a slot made in the strut’s web 
and welded to the beam, or two plates may be used welded to the 
beam on each side of the web. The diagonals are welded to this con" 
nection plate. The plate is shown projecting up to the web of the 
bottom chord. It is welded to the chord thus transferring the chord 
stress directly. 

The arrangement shown in Fig. 988 is the same as the previous 
one except that two straight bolts placed at different levels are used 
instead of a bent one. The bolt heads rest against shoulder clips 
welded to the web of the strut. 
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Steel Plate Floors.— The construction of steel plate floors for 
office buildings, industrial buildings, warehouses and bridges consists 
of 3", 4", 5" or other rolled I-beam s of whatever depth is found 
necessary, spaced approximately 24 inches apart and spanning, from 
girder to girder of the structural steel framework of the building. 
On top of these beams are laid continuous steel plates %e" or l A” 
in thickness. The width of these plates should be such that .when 
laid the longitudinal joints of the adjacent plates will occur directly 
over and in line with the webs of the supporting beams. The width 
of these plates may be such that they may span several of these 
beams. The plates are usually secured to the tops of the upper beam 
flanges by plug welds. 


BATTLE DECK STEEL FLOOR COA/STRUCTfON 


‘Ftoomng can be built on wooden steepen nettled 
to plates wild set/ threading screw nails. Ties 
construction allows conduits to be laid on top 
o/ Hoot between sleepers . 


‘floor plate may be extended beyond 
the Han ye of beam or extra 
plate placed as shown in 
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— Simps welded to underside 

o/ plates, and plates butt welded at ends Id 
prortde far continuous brant action, od combined 
plate and beam section. 


Plug welds - "punched boles (far 
spacing see A. AS C. Technical Data 
Bulletin HeSa). Plate width to span 
either two or three Poor beams. 


Fig. 989. 


When the welding is done manually holes of about 1 % 6 // diameter 
should be punched in the plates at intervals of 12 inches to receive 
the plug welds. Along the edges of the plates half holes are punched 
which should match with half holes of butting edge of the adjacent 
plate. The ends of the plates should be spaced about Y4 r apart and 
intermittently welded together with 2" welds. These transverse joints 
should be backed up with a small angle placed between the beams 
and to which the ends of the plates are welded. The sketch. Fig. 989, 
offers graphic description of this construction. 
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The punching of the plates can be eliminated when carbon arc 
welding is employed. The carbon arc will fuse the plate metal directly 
into the flange of the supporting beams. Automatic or semi-automatic 
welding equipment may be used for this work. 

The result of welding the plates to the top of the flanges of the 
supporting beams is a built-up T section with the plates acting as the 
upper flange and the beam acting as the vertical part of the T. The 
neutral axis of the combined T section will be close to the top flange 
of the beam and when the lower flange of the beam is stressed to 18,000 
lbs. per sq. in., the plates and top flange will have a stress of only 3,000 
to 4,000 lbs. per sq. in. 

With this type of floor construction there is generated a solid 
steel deck which will act as a girder to prevent any torsional dis- 
tortion of the building when subjected to wind or seismic forces. 
It enables the engineer to select that part of the structure which is to 
carry the wind stresses to the foundations and be assured that the 
deck flooring will deliver the stresses to the most rigid part of the 
vertical frame. The floor construction can be carried out into the 
walls to provide spandrel construction to support the outside walls. 
It will also provide a working floor for other trades and in many cases 
eliminate the necessity of temporary planked floors. 

A welded steel plate floor of the construction described previously, 
consisting of 3" 5.7-lb. I-beams spaced 24" centers and % e " plates, 
will carry a total load of 85 lbs. per sq. ft. on a 15-foot span, with 
a deflection of .235". The weight of the steel work including beams 
and plates for this floor will be 10.5 lbs. per sq. ft. 

It is possible to provide any form of treatment for the top surface 
of welded steel plate floors. Either mastic finish, linoleum, cork tile 
or wood flooring may be used. The latter can be applied economically 
by nailing wooden sleepers with self-threading screw nails to the 
steel plate, which has been previously drilled to receive the screw 
nails. The finished wood flooring can then be secured to these 
sleepers. This construction allows conduits to be laid on top of the 
steel plate floor between the wood sleepers. 

Swimming Tanks. — Arc welded design of steel swimming tanks 
offers many advantages over riveted design. With use of arc welding 
an absolutely water-tight tank is assured without caulking. Punching 
of plates and structural members is eliminated. Connection angles 
required by riveted design are also eliminated. 

Though size and capacities of swimming tanks vary, the descrip- 
tion of one of many of arc welded design will give a clear idea of the 
construction. A description of the arc-welded swimming tank in 
the building of a nationally known athletic club, is given below. 
Fig. 990 shows a view of this tank. 

This tank is supported at the third floor by twelve steel girders 
which carry longitudinal 7-inch I-beams spaced 2 feet apart. The 
%-inch floor plates, which extend 9 inches beyond the bottom of 
the wall plates, are tack welded to the beam; the joints are made 
on be^un flanges and arc welded continuously. The intersection of 
floor and wall plates is arc welded continuously on both sides of the 
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Fig. 990. Interior view of arc-welded swimming tank. 


wall plates. The wall plates are reinforced by 8'inch channels spaced 
2 feet apart, tack welded to the plates and welded at the bottom 
to the floor plates. All wall plate joints are made on channel flanges 
and arc welded continuously. At tank comers, the wall plates are 
arc'welded continuously to vertical comer angles. The bottoms of 
the angles are arc welded to the floor plates. The top of the wall 
plate is stiffened by a continuous horizontal channel and angle strutted 
to adjacent columns designed for the resulting thrust. The drain box 
is arc welded to the floor plates; all inlet and outlet pipes are arc 
welded to the floor or walls of the tank. 

The wall plates were reinforced by channels, arc welded in shop 
before shipping; the balance of the work was laid out in the field 
and tack welded as erection progressed. The welding of the tank 
was then executed in one operation. After the water test, which 
proved the bare steel tank to be absolutely watertight, Y^inc h rods 
were laid about 4 feet apart, both longitudinally and transversely and 
tack welded to the floor and walls of the tank, and to each other. 
To the rods was secured a 4" x 4" No. 11 wire mesh. This completed 
the welding operations. The inside of the tank was then coated with 
1 Vk'inch gunite retained by the wire mesh. The 114 'inch tile finish 
and backing were then applied directly to the gunite. 

Additions and Alterations. — Many additions or new structures 
have been joined to existing structures by arc welding. In fact, this 
was one of the first applications of arc welding to building construction. 
Many economies result from its use in this work. 

Because arc welding is quiet, tenants in the existing building are 
undisturbed. In connecting beams of the new structure to the exist' 
ing columns only a small amount of fireproofing need be removed 
from the face of the columns. To rivet such a connection both faces 
of the column must be uncovered to permit drilling and riveting 
Fig. 991 shows an arc'welded connection to an existing column. This 
connection was made by bolting two 4" x Vz” plates to the end of 
the beam. The holes in the beam webs were slotted horizontally, per' 
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Fig. 991. Arc-welded connection of becmi to existing column. 


mitting the plates to be moved into close contact with the original 
columns while being held in position by the bolts. Plates were then 
arc welded to the webs of the new beams and to the original columns. 

Connecting the end bay purlins of a mill building to the frame of 
an existing structure is most easily and economically solved by an 
arc'welded design. The conditions of a typical case are depicted in 
Fig. 992. The 18" Tbeam in the end wall of the existing building 
is shown, supported by its columns; the row of sloping purlins is to 
carry the roof of a new structure. These new purlins are to be 
attached to the existing 18" Tbeam. 

The eaves strut of the new building, consisting of a beam and a 
sash angle, is framed to the existing column, a new seat, welded to 
the column, having been provided. In order to allow the wall sash 
to extend uninterruptedly by the face of the columns, it is customary 
to locate the vertical leg of the sash angle about 4" out from the 
column face. If the sash angle is riveted to the beam, the horizontal 
leg of the angle must be long enough to permit the beam gauge and 
that of the angle to register. If the sash angle is welded, no matching 
of gauges is necessary and, consequently, a smaller sash angle, as 
shown in Fig. 993, may be employed. 

The detail, Fig. 994, shows the connection of purlin a to the 18" 
beam. A channel hanger is field welded to the bottom flange of the 
beam. This hanger carries two angle clips, shop welded at the proper 
slope and at the right level, to receive the purlin. 



Fig. 992. 
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Two different ways of securing purlin b to the beam are shown 
in Figs. 99? and 996. In Fig. 995, the seat angle is shop welded to 
a hanger angle. This hanger is field welded to the top and bottom 
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flange edges of the beam at the proper slope. In Fig. 996, a detail 
similar to that shown in Fig. 994 is used. Fig. 997 shows a connection 
for purlin c which frames directly to the web; the detail is the same 
as shown in Fig. 994, omitting the hanger. 



Fig. 996. 
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Fig. 997. 
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The connection of purlin d is shown in Fig. 998. This connection 
also requires two clip angles, one forming a seat for the bottom flange 
of the purlin while the other one, riding on the top flange of the 
beam, stays the purlin’s web. The purlin is notched to clear the 
flange of the Tbeam. Purlin e is carried by a chair. Fig. 999, made of 
two angles, one acting as a strut and the other as a seat. 




Figs. 1000, 1001 and 1002 illustrate methods of securing purlins 
to the beam when they are located as shown in Fig. 992 in positions 
f and g. 
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Fig. 1002. 


In Fig. 1000, two clips welded to an I-beam strut form the purlin’s 
seat. In Fig. 1001, the top of an H-strut is bevel-cut to the slope of 
the purlin’s web, a clip angle and a bar forming the seat. In Fig. 
1002, the seat clips are shown attached to an angle strut. 

In the case of the ridge purlin’s connection. Fig. 1003, the purlin 
rests on a cap plate welded to the top of the post. If desired, a thin 
bent plate may be tack welded in the shop to the ridge purlin form- 
ing a convenient seat for the metal decking. 
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Steel Frame Houses. — The growing use of steel instead of lum- 
ber for framing of residential dwellings has recently been accelerated 
by the application of arc welding to this class of construction. As 
in other classes of steel structures arc-welded design eliminates practically 
all punching and bolting. House frames of this design erected today 
prove the economy of arc welding instead of bolting. 



One type of arc welded design eliminates all shop fabrication. 
The steel cut to correct lengths is delivered direct from warehouse 
or mill to the site. Such a structure, designed by George Howard 
Burrows, Architect, Cleveland, Ohio, has been erected at practically 
the same cost as a wood frame dwelling. The Burrows design calls 
for 3-inch channels as studs, 6-inch I-beams as floor joists ana 3-inch 
I-beams as sills and headers. The isometric sketch. Fig. 1004, portrays 
the design. 

Another arc-welded design divides the framework for the walls 
and load bracing partitions into sections or panels one story high 
and of such width as to permit easy handling in the field. Placing 
a first-floor panel in construction of a 12-room steel-frame residence 
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Fig. 1005. Placing a shop-welded panel in erection of 12-room residence. 


is shown in Fig. 1005. The panels in this type of design are shop- 
fabricated by welding. They are generally provided with clip angles 
punched for temporary bolting during erection prior to field welding. 
Fig. 1006 illustrates field welding by the electric arc process. 

With this type of design, field welding of wall and partition 
framing is reduced to a minimum. Some of the details of the design 
are illustrated in Fig. 1007. 

Other applications of welded steel houses are shown on Pages 
804 to 808. 



Fig. 1006. Field welding ol steel frame of 12-room residence. 
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Fig, 1007, Residence framing partially shop welded and erected In sections or panels. 

Cost Factors. — It must be kept in mind that in structural welding, 
where welding is done both in shop and field, many factors enter 
into the cost and that, therefore, the economy of welded construction 
depends not only on the process itself but upon the methods of fabri- 
cation, handling in shop and field; these in turn depending on equip- 
ment and personnel available. 

A shop equipped with spacers, edge planers, gang drills, etc,, 
with a force of men accustomed to use those machines effectively 
will use different methods of fabrication than another shop equipped 
only with shears, single punches and drills and a rudimentary riveting 
outfit. Similarly, a shop well equipped with transfer cranes, with jibs 
or gantries to handle and turn the work over and with a personnel 
experienced in arc welding and automatic flame-cutting will handle 
work quite differently than a shop less completely equipped and obliged 
to expand its welding staff every time it faces a job above average 
size. 

One shop will cut plates with a shear while another one cuts them 
with a flame-cutter; one shop will true the edge of web plates with 
an edge planer while another will use a fillet weld and a grinder. 

Fig. 1008 shows a section through a riveted girder in which it 
is desired that the web bear intimately against the top cover plate. 
This girder may be a building girder carrying a very heavy dis- 
tributed load or several columns; it may be a heavy crane girder 
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in a factory or a railroad deck girder. It is realized, of course, that 
sheared plate edges are not true enough to give a solid, dependable 
bearing edge. As a consequence, in riveted practice, such plates are 
set back from the back of the flange angles as illustrated in Fig. 1008 
bottom flange. One shop has an edge planer: it may elect to set one 
edge of the web plate against the planer and machine it true. This 
done, the girder will be assembled upside down (Fig. 1009), the top 
flange on the shop floor, the machined edge of the web bearing 
on the flange plate and the angles, first assembled to the web, will 
now be tack-welded to the flange after which the assembly will be 
taken to the riveters. 

Another shop will accomplish the same result by assembling the 
top flange angles (Fig. 1010), riveting them together, then arc weld- 
ing the gap between the back of the angles and grinding the top 
of the weld flush with the back of the angles after which the top 
flange will be assembled to the angles in the usual way. 

It will be noted that if there are only a few spots in the length 
of the girder where bearing of the web against the under side of the 
top flange plate is necessary — such as under columns resting on the 
girder — there is no advantage in planning the full length of the web. 

Similarly, if only a few girders are involved, it would likely be 
cheaper to use welding and grinding than to set up a large planer 
to do the work. 

It follows that cost comparisons between various means and 
methods of fabrication depend upon the set-up of the individual 
shop and that the cost comparisons must be made by the plant 
operators. 

It is essential that these men make themselves thoroughly familiar 
with all the advantages of arc welding because this process does 
furnish a means of cutting fabrication costs in countless cases. 

Another factor that has a noticeable effect on welding costs is that 
of drawings — both design and shop drawings. 

It is common experience among fabricators to receive framing plans 
which indicate girders, columns, beams, etc., accompanied by such 
a note as this one: “Girders may be welded.” Or “Column details 
are to be arc welded.” Nothing definite is indicated regarding the 
size and the amount of welding desired. It is evident that, when 
the estimators price the job, they must play safe: the possible welding 
that might be demanded by the designer is assumed — not the amount 
that is actually needed. Later on, the girders or columns will be de- 
tailed with the correct welding; even if the designers accept the details 
as made, the cost to the owner of the structure will still be that figured 
into the job by the estimators. 

The point made here is not that every piece should be detailed 
by the designer; — details should be made by the detailers. But the 
designers should indicate clearly by notes on the drawings and by 
suitable items in their specifications what type of welding they will 
expect, what they will require for girder welding, for columns and 
for beam to column connections. Items recurring in considerable 
numbers should be plainly shown on the drawings. 
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A common detail received in the shops is shown in Fig. 1011. 
The load is not indicated; neither is the position nor the size of fillet. 
The shop may weld the angle as shown in Fig. 1012 or in Fig. 1013, 
or it might weld it the right way, Fig. 1014 — but, in any case, the 
angle has been welded as called for by the detailer’s sketch. Fig. 1011. 
It takes very little time to actually show what is really required. 

Another detail often received in the shops is shown in Fig. 1015. 
The column may be an 8" H with a sole plate 24" thick or a 14" 
column with a base slab 4" thick, but the detailer’s note is the same: 
Ck Weld.” If there is any excuse for such a note in the case of a light 
column and base, there is none in the case of heavy ones. There is 
usually, then, considerable disparity between the thickness of the 
column section and that of the slab base. In such cases, the welding 
requires special care and it should be shown clearly on the shop details. 

In Fig. 1015, note that the arrows point to both the flange and 
to the web. It will be observed that base plates 2" thick or less are 
not usually milled, so that there is a possibility of more or less accurate 
bearing of the web on the base; consequently the conditions may warrant 
that the web be welded to the base. Bases heavier than 2" are milled; 
the bearing of the column web on the plate is positive. There is 
no good reason in such cases to weld the web to the base. Even 
if there is bending in the column — in either direction — the welds 
connecting the flanges to the base would have to be tom off before 
an appreciable stress could be developed in the welds connecting the 
web to the base plate. 



An important point to bear in mind when designing welded 
structures is to keep the amount of welding to the required economical 
amount. 
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In a riveted member, it is not of prime importance to keep the 
number of holes and of rivets down to the figured minimum. For 
example — Fig. 1016 shows a tension angle connected by a single 
rivet. The effective section of the angle across section AA is de* 
creased by the diameter of the hole. In Fig. 1017, the same angle is 
connected by three rivets. The loss of section is no greater than 



in Fig. 1016 since the three holes are in line and spaced a distance 
x from each other. As a consequence, in riveted work, the custom 
exists of detailing connections for the full strength of the member 
connected whether this is needed or not. There is no particularly 
good reason for the practice and it should not be applied to welded 
work. While there is the excuse that, in riveted work, “it costs no 
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more to punch three holes than to punch one,” it does cost more 
to drive three rivets than to drive one — and it certainly costs more 
to lay down twelve inches of % 6 " fillet than to lay down four — just 
three times as much. 



In designing welded structures, the welding should develop the 
stresses, not the material; i.e., the stress should dictate the size 
of the welds. 

Riveted work has developed its methods and practices from its 
own inherent nature. Welding has its own peculiarities and should 
logically establish practices that are in line with these peculiarities. 
It is not just a matter of copying riveting practices. 

Consider, for instance, girder stiffeners. A bearing stiffener, in 
a riveted girder, needs a filler plate to make up for the thickness of 
the angles against the web, as shown in Fig. 1018. In a welded girder, 
Fig. 1019, no such fillers are needed because there are no angles. 
In Fig. 1018, the top of the stiffener is not connected to the flange; 
in Fig. 1019, it is welded to the flange. 

The stiffener in Fig, 1018 is an angle, one leg of which is parallel 
to the girder’s web and this leg may not be counted upon to transmit 
a concentrated load to the girder web according to bridge specifica- 
tions and others. In Fig. 1019, all of the stiffener is perpendicular 
to the web and since it is direct connected to the flange, all of it 
may be counted upon for transmitting load to the web. 
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The fact that the plate stiffener in Fig. 1019 is welded solid at 
both ends to the flanges makes it a column fully fixed at the ends. 
Advantage should be taken of this condition in designing welded 
stiffeners. The ones figured and shown in Fig. 834 and on pages 
following could then be materially reduced. 

In Fig. 1018, the usual set-back of the web plate forms a gap 
which prevents direct transmission of stress to the web plate. In 
Fig. 1019, no such gap exists: consequently, at least a portion of any 
concentrated load is taken directly into the web. That much less 
needs to be figured as being carried by the stiffeners; this accounts 
for a further reduction in material. 

Non-bearing stiffeners in a riveted girder, such as shown in Fig. 
1020, must be attached to the web. In a welded girder, the ends 
of all stiffeners should be welded to the flanges (Fig. 1019), to 
square up the girder and hold it in place during the subsequent 
welding. Consequently very little welding of such non-bearing stiff- 
eners to the girder web is needed since their only function is to hold 
in alignment the web which they straddle. Nevertheless, many a 
welded girder drawing comes to the shop showing non-bearing stiff- 
eners full-welded to the girder web — a distinct waste of time and 
material. 

In the shops, many a welder and many an inspector prides himself 
on “turning out a good job” by overwelding. The quarter inch fillet 
specified turns out to be full the two-pass l A" fillet called for 
on the drawings gauges almost and the shop will draw the 
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engineer's attention to the fact that “he’s getting his money's worth 
and then some." Now, it has been this engineer's business to make 
allowances for “the human element," for shrinkage and for all such 
factors as well as for the figured stresses in the connections at the 
time he was designing the job. Consequently, the shop should not 
feel that it is incumbent upon it to add welding to that shown on his 
drawings. To do so would indicate that the shop does not feel over- 
confident of the Engineer’s proficiency in designing the welding or in 
the value of its own work. Overwelding should not be encouraged. 
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PART VIII 

TYPICAL APPLICATIONS OF ARC WELDING IN 
MANUFACTURING, CONSTRUCTION AND 
MAINTENANCE 

The use of arc welding as a manufacturing, construction, and 
maintenance tool in practically every industry has resulted in wide" 
spread economies and product improvements. To attempt to describe 
or illustrate each particular type of application in every industry would 
require far more space than this volume affords. The brief descrip" 
tions and illustrations of a few of the present applications of arc 
welding which follow, merely indicate the possibilities of the process 
as applied to the work or products of the reader. 

Aircraft 

Practically every airplane factory uses arc welding for the produc- 
tion of certain parts and for the building and maintenance of shop 
equipment. Arc welded parts of the plane shown in Fig. 1022 include 
landing gear and engine mounts. The fuselage is assembled in arc 
welded jigs as shown in Fig. 1023. For procedure information on 
the welding of chromemoly steel such as used m plane construction, 
see Page 298. 



fig. 1021. Arc welding it used extensively in the construction of this flying fortress 
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Fig, 1022, American-built bomber. Engine mounts and landing gear are arc welded. 


Fig. 1023. Arc welded fuselage jigs in a large 
plane shown in Fig. 1022. 


die 







Fig. 1024. Welding o motor-mount lor a Stratoliner, closeup ol which is shown in the 
view at the top. The fig used lor holding the mount is also oi arc welded, construction. 
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Fig. 1025. Fabricating a special frame used lor picking up fuselages with an over- 
head crane. Note the extensive use of tubular members for high strength and rigidity. 


Automotive Equipment 

A large number of automotive parts are manufactured by means 
of electric arc welding. Many of these are produced by the automatic 
process. 

The automatic carbon arc welding set-up shown in Fig. 1026 
produces rear axle housings at a speed of 43 seconds each. These 
housings consist of two stampings clamped in a fixture and placed 
under the arcs. The two arcs are struck simultaneously and held for 
a second to secure proper penetration. The carriage motor then 
engages and the welding heads move in opposite directions to the 
ends of the housing. A weld closeup is shown in Fig, 1027. 

At this point the arc is broken and the heads automatically return 
to their original position. The housing in the fixture is then rotated 
180° and the opposite side of the housing welded in the same manner. 
Generally one man operates two machines and completes on an average 
of 53 units per hour. 
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Fig. 1026. Setup for automatic welding of rear axle homing. 


Tubular parts such as torque tubes, cross shafts, etc., are also 
produced economically by automatic arc welding. Tubular parts of 
welded construction are exceptionally strong, light and of uniform 
wall thickness. Torque tubes of welded construction vary in length 
from 48 to 66 inches. A typical setup for welding these parts is shown 
in Fig. 1028. This automatic carbon arc welding equipment includes 
beam-mounted carriages which are propelled along the overhead beam, 
carrying the arc over the work which is clamped over mandrels. The 
welding is done in one direction, the heads returning rapidly to the 
starting point after the weld is completed. Thickness of metal is 
inch. After welding, the tubes are upset. This setup saves 10% to 
50% in materials cost, depending upon the type and design of tube. 
A display of tubes of many types is shown in Fig. 1029. 

Frames for automobile starters and generators, consisting of formed 
% 6 -inch plate, are butt welded with the automatic equipment shown 
in Fig. 1030. A total of 5 V 2 -inches of welding is required for each 
frame. Closeup of a completed frame is shown in the insert. 

Automatic arc welding also plays an important part in the fabri- 
cation of mufflers. In Fig. 1031 is shown automatic welding machines 
in operation for welding louvred tubes to the inner shell of the muf- 
fler. The weld joins the tubes to the inner head or baffle plate of 
the muffler. The time for automatic welding approximately four lineal 
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Fig. 1027. Closeup of weld in rear axle housing produced by automatic carbon arc. 


inches on each of the tubes is two and one-half seconds. In this par- 
ticular application, two such welds are made on each end of each 
muffler, making a total of four welds per muffler. Two men operating 
three automatic welders as shown produce 250 mufflers per hour. 

There are numerous automotive parts whose fabrication requires 
a very small amount of welding. For this reason it is often more 
economical to weld them by the manual process. Some automotive 
parts are of such shape that they cannot be readily or economically 
set up for automatic welding, especially when the amount of welding 
required is very small. The manual process of arc welding is generally 
employed in such cases. 

In addition to its use in the production of automotive parts, arc 
welding is used extensively in the assembly of automobile bodies. 
A typical application is shown in Fig. 1032. This view shows a steel 
top being removed from the special fixture after welding the rear 
panel. Closeup of the finished weld is shown in Fig. 1033. Changeover 
from spot welding and soldering in this case saved $3.00 per body 
and made the body stronger, safer and better looking. After welding, 
the excess weld metal is ground off and the joint is finished with a 
small amount of soldering in the conventional manner. 

Other applications of arc welding in the fabrication, construction 
and maintenance of a wide variety of automotive equipment^ ate 
shown on the following pages. 
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Fig. 1029. Display of tubular parts made ol strip steel formed into tubes and auto- 
matically welded with a shielded carbon cue. 
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Hf. 1033. Completed rear panel wold before grinding. 


Fig. 1032. Automobile body top being removed from welding fixture. 
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Fig. 1034. AH steel house trailer fabricated by arc welding. Chassis members are 
formed from 16 and 18 gauge steel. Assembly by arc welding employing jigs saves 
30% of the cost of former fabrication methods. 


Fig. 1035. Arc welded construction is used extensively to 
neat appearance in the body and chassis of this automobile. 




llllplli: 
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Fig. 1040. Antarctic "Snow Cruiser" to be used for exploration work at the south 
pole. Frame work^lncludes 16,000 lbs. of high tensile steel. Welded construction saved 
30% in weightrisffording greater aruising range. 
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Fig. 1041. "Tucker Tank/' anti-aircraft combat car of welded steel construction. Can 
50% grades. Cruising range 225 miles. Top speed 114 miles per hour. 
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Pig. 1044. DeHTery truck with seamless tubular frame ol Welded construction. 
Tubing is 3-inches o. d., 12 gauge wall thickness. 
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Tig. 1045. Truck frame, built from high, tensile steel by arc welding. Weight savings 

33Vs%. 


Fig. 1048, 30- ton welded trailer for hauling heavy construction machinery. Formerly 
ot riveted construction. Welding reduced weight 750 lbs., cost 10%, construction time 
10%. Increased strength and rigidity enabled the trailer to carry 15% heavier loads. 
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Fig. 1047. Arc welding is used extensively to build automobile carriers — both the 
type shown and the double deck type. 


Fig. 1048. Arc welded dump truck body. Smooth surfaces facilitate complete un- 
loading. 
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Fig, 1049. Service truck used by a Public Utility. Welded construction with high 
tensile steel saved 10% in weight over riveted construction/ and reduced cost sub- 
stantially. 


Fig, 1050. The arc welded alloy steel and aluminum 
gross weight 2,000 lbs., resulting in savings 
operating cost 
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Fig. 1051. Trailerized tank of high tensile welded steel construction. This design 
provides cm increased payload of 1100 lbs. as compared to conventional combination 
tank and trailer. 


Fig. 1052. Repairing a cracked fender with carbon arc process and copper alloy 
filler rod. Center: Completed weld, 10-inches long, made in 5 minutes. Right: Finished 
lender after grinding, soldering, buffing and painting. 
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Fig. 1053. Installing a guide channel for glass in a damaged door. Simple tack 
welds do the job. 



Fig. 1054. A cracked engine block repaired with shielded arc electrode using cast 
iron procedure given on Pages 326 to 333. 
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Fig. 1056* Building special base lor front right seat ol car to permit easy removal. 
Bar ieet slip into holes in car floor. 







782 


PROCEDURE HANDBOOK OP ARC WELDING 



Fig*. 1057. Repairing cracked auto frame hy welding splice bar over break in 
bottom flange of frame channel. 



Fig. 1058. Welding on 41 / 2 -inch pressed steel channels to 12V^~inch tides of truck, 
increasing capacity from 1 1 / 2 -tons to 2 tons. 
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designed and built by a garage* Can handle up to 15-ton trucks. 
Boom telescopes out to 32 feet. 
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Barrels and Other Small Containers 

Containers such as steel beer barrels and metal drums are generally 
welded automatically by the shielded carbon arc process. To with- 
stand rough handling, the welds must possess high tensile strength 
and ductility as well as good corrosion resistance. Component parts 
of metal beer barrels are first pressed to shape and when fitted together 
provide circumferential seams for welding. A typical set-up for 
welding beer barrels is shown in Fig. 1061. The welding head re- 
mains stationary while the barrel is rotated under the arc. 

Other containers produced by arc welding, both manually and 
automatically, are shown in Fig. 1062 and Fig. 1063 and in other 
sections of this chapter. For example, see Figs. 1121 to 1123 under 
Machine Parts. 



carbon care process. Right: Welding the ends oi beer barrels by the automatic carbon 
arc process. . > > 






Fig. 1062. Welding three and five gallon capacity fuel tanks for portable kerosene 
burners. 




Fig. 1063. Welding gasoline cane of 18-gauge and 20-gauge steel. 
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Bridges and Piers 

A large number of bridges — both highway and railroad — have 
been built by electric arc welding. This includes a wide variety 
of types and sues. Typical ones are illustrated in the following illus* 
trations. Arc welding is also used extensively in the maintenance and 
strengthening of existing bridges, affording a simplified means of add' 
ing new steel plate or replacing worn out flooring, etc., for greater 
safety and economy. A number of applications along this line are 
shown in Fig. 1064 to Fig. 1085. 
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Fig. 1086. Two-hinged arch highway bridge, 166 loot span, all welded construction, 
located In Bohemia. 



Fig. 1067. largest welded bridge built in Canada — a highway bridge across the Ste, 
Anne Hirer. Inset shows operator welding floor beam to stringer. 



Fig. 1068. Bascule span of railway bridge fabricated and erected by electric weld- 
ing. Arc welding permitted a weight reduction of 42Y 2 tons in the 60 foot span and 
100 tons In the counterweights* 
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Fig. 1069. Details ol bascule bridge shown in Fig. 1068. Left: Arc welded connection 
of main girders to bottom counterweight section. Eight: Close-up view of arc welded 
trunnion connection to counterweight box showing beveling of plates and fillet weld. 



i|pi| 

illllli! 


Bridge flooring of structural silicon, steel plates being placed by arc 






Fig. 1071. Closeup pi all-field-welded bridge showing open steel piers, caps, 
bracing and hand rails. Typical of many secondary road all-welded bridges totaling 
more than 1000 tons of steel built in the middle west. See also Fig. 1072. 


Fig. 1072. Secondary road bridge of all welded construction. Steel pile piers and 
ice breakers bare concrete webs above water line to prevent lodging of trash. All 
fabrication in the field by welding for simplicity and economy. 




i, . Fig. 1074. Widening of highways often does away with, existing bridges which 
may be salvaged and re-erected for secondary roads. This skew-end bridge is an 
eXcanpIe. It was formerly ct pin-connected high truss type bridge with square ends. 
New portal struts and knee braces were installed by arc welding to provide additional 

' . ■ 1 m ffl illrf 1 * »'*■*'♦ * > • 4 . < ' * ^ ^ f P 
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Fig. 1075. Tall trucks occasionally 
The braces are being replaced with w< 
This adds IVi foot more clearance. On 
side of the illustration at the left. 
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Fig. 1077. Over pass of welded steel construction. Length 900 ft. Consists of 24" 
I-beam stringers with three cross beams per span as shown at bottom. 



Fig. 1078. One of two 122-ft all welded over-pass spans for Main Avenue bridge* 
Cleveland, Ohio. One girder is shown in place and welders are working on die double 
V groove upeb Joint. 
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Fig. 1079. Joining girder frame to column 
on one of the spans shown in Fig. 1078. 
Shop fabricated frame Includes a 38 ft* 
length of 36" x 300 lbs. girder and plate 
welded info the Interesting design shown. 
Column is 14" x 211 lbs. 


Fig. 1080. Welding one of the single 
groove flange Joints in the girder of Fig. 
1078. Flange is 1.71" thick and 18" wide. 
Note also the Joint in the bottom flange and 
in the web. 

■ 

*'t is. - } t > n * -V 




Fig. 1081. Joining sections oi steel grating in the Main Avenue bridge, Cleveland, 
Ohio. This type of flooring was used exclusively for this mile-long bridge. Welding 
on the bridge, including* railing, flooring and structural members, totalled 70 miles of 
joints. 



of the weldbd steel span of Fig. 1078 showing welded steel 
welded girder frame and floor beam construction. 
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Fig. 1084. Reinforcement of girders and beams in floor of highway bridge. New 
steel plate is welded to top and bottom flanges of beams. I-beams with webs cut as 
shown are welded to stringers. Total welding 26,000 ft., including welding on new 
steel grating. 
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Fig, 1085. Mew steel cross beams (left) and grid type flooring applied to highway 
bridge in Penn, for length of 1119 ft, and width of 29 ft. 6 in. Mew steel floor weighs 
half as much as old wooden floor, enabling increased live load from H-15 to H-20 load' 
lag. Construction time one-half that required for wood floor. New steel-concrete floor 
is skid proof. 
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Buildings and Houses 

The structural framework of hundreds . . . even thousands . . . 
of buildings has been fabricated and erected by arc welding, provide 
ing maximum strength, rigidity and economies through, savings in 
time and steel tonnage. These structures include office buildings, mill 
buildings, warehouses, hangars, houses and many other types ranging 
in heights from one story to seventeen stories. A few of these typical 
b uildin gs are shown in Figs. 1086 to 1102. For welded design in' 
formation on structural steel see Pages 521 to 757. 



Fig. 1086. All welded steel building oi rigid frame construction. Contains 200.000 sq. 
ft. of floor space. 


One of the most interesting developments in the structural field 
brought about by welding is that of rigid frame construction dis* 
cussed on Pages 652 to 718. Several examples of this modem com 
struction are shown on the following pages. One of these, shown in 
Fig. 1086, is a two'story industrial building containing 200,000 sq. 
ft. of floor space. Shop fabrication and erection views are shown in 
subsequent illustrations. The "tree form” sections are fabricated from 
plate which has been cut and rolled to proper size and shape, and 
placed in jigs for welding. A typical fabricating operation is shown 
in Fig. 1089. These fabricated forms are then welded to standard 
rolled shapes in the shop, thus providing the main columns and stud 
columns of the building. The 65 'ft. rafters of the larger section of 
this building were shipped to the job in two parts. The two parts, 
including a shop fabricated beam section and a standard Tbeam sec* 
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tion, were joined at the erection site and the assembly was then 
lifted into place as shown in Fig. 1090. In like manner, the rafters 
of the “'tree form” were prefabricated and erected with a minimum 
amount of field welding. 



Fig. 1087. View of one bay in the saw tooth section of the second floor of the 
building shown in Fig. 1086. Note improved lighting and head room through elimination 
of trusses. 


In the construction of the building, involving 1314 tons of steel, 
29,600 linear feet of welding were used. Of this amount, 25,000 
linear feet were shop welded. 

, This particular building well illustrates the progress that has been 
made in the construction of welded buildings in the past five years 
Fabricating shops are now set up to produce welded structural mem- 
bers with maximum speed, economy and accuracy. This 1314 ton 
structure was built in only four weeks' time. In one eight-hour day, 
93 tons of steel were erected. It is estimated that fabrication costs 
and erection costs were both 10% less than for conventional con' 
strucfion. 

The detail connection shown in Fig. 910 illustrates how the floor 
beams are rigidly connected to the columns so as to provide the rigid 
frame construction of the building. 

The two views shown in Figs. 1087 and 1088 illustrate the benefits 
of this beam type construction. Absence of trusses gives greater head 
room between floor and roof fox production equipment. Better illumina- 
tion is also secured. , ' ; ■ >.. J 

; Detailed connections in this structure of rigid frame design are 
shown in Figs. 907 to 910. 
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Fig. 1099. Fabricating a "tree form" stud column for ono of tho connections stuck 
as shown in Fig. 1087. 
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Fig. 1091. All welded steel office building at Frankfort, Ky. Construction view shows 
nine of the fourteen stories erected. Total tonnage 1470. Estimated savings In weight 
10% through Welded design. 
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Fig. 1092. A one-story welded mill building 126 ft. long, 50 ft. wide, in "L" shape. 
All steel fabricated at erection site. Top and bottom cords for struts made by splitting 
a wide flange beam. Web system consists of angles welded to small T's, eliminating 
gusset plates. (See inset.) Weight saving over riveted construction 20%. Only equip- 
ment required for complete fabrication and erection was punch, shear, cutting torch 
and arc welding equipment. 



Fig. 1093. Thirteen-story addition to Chamber of Commerce Building, Houston, Texas. 
Fifteen tons of steel. Shop riveted. Field welded for noiseless construction. Includes 
8,000 ft. of welded joints. 
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Fig. 1097. Welded framework for this 12-room home in Wichita Falls, Texas; Includes 
96.000 lbs. of steel. Floor beams. 10 in. high, were shop fabricated from 2" x 2" x Va" 
angle and Ufa" x 1^2" x 3/16" lattice. Maximum beam span is 18 ft. Walls have 3 in. 
channel studs with lath channel and expanded metal lath* Welded steel framework 
added 15% to the cost of the house frame but reduced insurance rates from $1.50 per 
hundred to 30c per hundred. 
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Fig. 1098. Erection view, completed structure and close-up of portion of 12-room 
house shown in Fig. 1097. Floor beams, 10 in. high, were shop fabricated from 2 " x 
2" x Va m angle ptnd lVfc" x IVz" x 3/16" lattice. Maximum beam span is 18 ft. Walls 
have 3 in. channel studs with W lath channel and expanded metal lath. 




Fig. 1100. End view of wall panels used in the house shown in Fig. 1099. Two 
pressed steel panels are spaced apart by bars as shown. These sections are then blown 
full of mineral wool for insulation. Panels are completely wired with conduit and piping 
for electrical and plumbing connections. 
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Fig. 1101. House of 30,000 cu. ft. content with welded steel frame. Contains 10 tons 
of steel costing $190.00 per ton, erected and painted, including overhead. Extra cost 
over wooden frame is less than 10% of cost of building. Advantages: Eliminates plaster 
cracks. Rot and vermin-proof construction. Simplifies installation of heating, plumbing 
and electric equipment. Minimizes field work for quicker construction. Minimizes de- 
preciation and insurance. 


This all-steel arc welded home features a cellular construction. Panels 


Wig. UQl. . vw ,. .... .... . ........... 

lor Root, walls and roof came to the job in sections completely fabricated and ready 
for assembly. The exterior of the house can be brick, stucco, wood or other material. 






Fig. 1103. Substructure for rubber-cushioned press-room floor in Chicago welded to 
yyjgrtwg structure. Left: Connection of cross beams to 20" main columns through 18" 
ch anne l section. Bight: Connection of 30" I beam to main 30" girders. 


Fig. 1104. Remodeling an office building. Arc welding permits the addition of stays 
to existing columns with a mini m u m of work and expense. Insert shows seat welded to 
column for support of floor beams. 
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Construction Equipment 

The strength, rigidity and light weight of welded steel has played 
a prominent part in the progress of the construction industry during 
the past ten years, by affording machines and implements whose 
serviceability and performance far excel those of former designs. Weld- 
ing has made it practical to build equipment (such as scrapers) which 
has revolutionised each-moving and construction practices for lower 
costs. 

A few of these modern cost'saving machines are illustrated on the 
following pages. 

Arc welding also saves money for the user of construction equip- 
ment by affording a means of repair and reclamation for broken and 
worn parts, minimising valuable outage time of equipment and avoid- 
ing expensive replacements. A few typical applications are shown. 



jNtf.' llOS. Welded steel ''Carryall" scraper in operation. 
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Fig. 1106. Assembly line view of a scraper such as shown m Fig. 1105. Box beam 
construction is used extensively. 



Fig. 1107. Welded steel "rooter" rips up shale, rock, boulders, concrete pavement 
and other hard surfaces. 
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Fig. ItOt. Welded steel snow plow. This construction assures maximum strength 
and rigidity for long life. 





Pig. 1111. This new IVz yard shovel features an all- welded 23-foot boom. Box beam 
construction provides the strength of plate girders with exceptional torsional rigidity. 
Dipper stick and cab also are welded. 


Fig. 1110. Overhead shovel mounted on standard tractor. This simplified welded 
steel design makes possible a wide range of applications. 



Fig. 1113. Drag line of all woldod stool construction. 




Tig. 1X15. All welded portable crushing plant. Length 36' 6", height 15' 
usually strong, rigid, light weight construction. 
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Fig. 1116. Building up tractor grousers by welding on medium carbon steel bars 
as shown in inset. 



Fig. 1117. Here, special manganese steel tips are welded to ends of worn shovel 
dipper teeth with high manganese steel electrode. Worn portions of the tooth are built 
up With die same electrode. The wearing surfaces are then hard-faced with a semi- 
austenitic high carbon alloy steel electrode. 
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Fig. 1118. Building up worn surface! of a power shovel track pad with high 
manganese steel electrode. 


Fig. 1119. Repairing frame of Diesel tractor with mild steel shielded are electrodes 
saving several weeks' delay. 
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Tie. 1122. The cast iron transmission ease ol this 50 hp. crawler tractor w«m Imoken 
almost in two. It was welded with shielded arc cast Iron electrode saving $200 and 
much outage time. 



Fla. 1123. Welding a pipe elbow into a manifold for a drilling "Jumbo" lot a 
tunnel on a large dam project in the west. 



Fig. 1124. Repairing a broken trip on a live-yard shovel bucket with shielded arc 
mild steel electrode. Note also welded repair in lip of bucket. 



fig. 1125. Repairing a broken tractor draw bar. Break was first vee'd out by Rome 
cutting. First layer was made with 18-8 stainless steel electrode. Weld was finished 
with high tensile steel electrode. Welded from both sides. 
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Pig. 1126. Welding on new feef on tamper used in dam construction. Old worn 
feet were cut off with cutting torch. New feet are welded on with two passes of 
shielded arc mild steel electrode. See inset. 



Fig. 1127. .Dredge pump impeller. Left shows worn surfaces, gauged out by mtm 
abrasion. Right: After building up with mild steel electrode and hardfadng with sups 
abrasion resistant electrode. ^ 
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Fig. 1129. Dredge cutter head. Lett: Worn head. Right: Head after biudes were 
relaced with abrasion resisting electrode. Saved $720.00 over replacement. Hard4aced 
blades last 33% longer than new ones. 
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Farm Implements 

Like construction machines, farm implements are subjected to 
relatively severe service, resulting in constant wear and frequent 
breakage of parts. For this reason, and for manufacturing economies, 
more and more of this equipment is being changed over to welded 
steel construction. This assures stronger parts and more rigid, ser- 
viceable assemblies. 

Arc welding is also used extensively in the servicing of this equip- 
ment. Worn parts, hardfaced, include plow shares, cultivator spades, 
plow discs, mill hammers, planter runners, lister shares, potato diggers, 
etc. Typical applications are shown in the following illustrations. 



Fig, 1130. Fabricating main body ol hammer mill by automatic carbon arc process. 
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Fig. 1131. Reclaiming a plow share by arc welding. Top: Worn share with "new 
process" carbon steel tip which is welded on with mild steel electrode and hardfaced 
with semi-austenitic alloy steel as shown. Point and cutting edge are then hot-forged 
to sharpen. Result is shown at bottom. 



Ftg. 1132. Reclaiming worn cultivator shovels. Old points squared off. New points, 
'fr ut h r » m carbon steel plate as shown, are welded on with mild steel electrode. 

Cutting edges are hard faced with semi-austenitic carbon alloy steel electrode and hot 
forged sharp. Result shown in inset (two types of shovels). 
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Fig. 1135. Combine pickup unit of all welded construction. 


Fig. 11 35 A. This bam cleaner is typical of many special farm machines that cun be 
built at low cost with welded steel. 
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Food Plant Equipment 

The smooth lines and elimination of connecting members made 
possible by welded construction assure clean, sanitary conditions for 
food plant equipment. Because of this advantage, plus the economies 
through reduction in construction and maintenance costs, welding is 
being used more and more extensively in the design of food plant 
machinery, fixtures and structures of all kinds. A few typical applica- 
tions are listed on the following pages. 



Fig. 113$. Partially completed milk cooler of all welded construction. Stainless eteel 
throughout. 
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Fig. 1137. In a large candy plant. Framework for all conveyors In die plant 1* ef 
welded construction. 


Fig. 1138. Piping In a large candy plant. Carnes chocolate. Jill connections wherever 

possible am welded* >» i $ ? * ■ h , a , < * ‘ ; ' -J * > 





828 


PROCEDURE HANDBOOK OP ARC WELDING 



Fig. 1139. Floor#, subject to wear by trucks, are covered with steel plate tack 
welded together as shown. Many food plants employ this construction. 



Fig. 1140. Special machine parts, mounting brackets and fixtures are fabricated In 
the welding shop of this large candy plant, using sheet metal, plate and shapes. 
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Fig. 1141. Th® top wall ol this grain pipe, worn thin, was reclaimed by welding a 
steel bar along the edge as shown. 
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Fig. 1144. Bone cutter knives used by a meat packing plant. Worn lace built up 
witb solid steel electrode as shown on right. Cutting edge on iront and on back (left) 
hard-faced with several passes of tool steel electrode. Xmves .are then ground to a 
sharp point. Saving tor a set of 16 knives approximately $22.00. 




Fig. 1148. Changeover o I the frame of this bread-ftlicing machine from casting to 
welded steel saved 80 sq. in. floor space, reduced weight 30%, increased accuracy of 
hearing alignment, saved 30% in manufacturing cost and improved sales. . 4m 





t { , ; ( 2 .,■■■■ 

Fig. 1147. Main columns in a four-story brewery building oi cast iron construction 
were reinforced by encircling with 18* steel pipe, split longitudinally and welded. 
Space between pipe and column was filled with concrete. 


832 PROCEDURE HANDBOOK OF ARC WELDING 


TYPICAL APPLICATIONS OF ARC WELDING 


833 


Furnaces and Heating Equipment 

In the fabrication of steel furnaces and other welding equipment, 
arc welding is the preferred fabrication process because it makes 
possible seamless construction, having the ability to withstand pressure, 
corrosion and rapid variations in temperature. Contamination of the 
heated air by gases, soot or ashes is impossible with this seamless 
construction. Welds made by the shielded arc process are more re' 
sistant to the corrosive action of sulphurous gases than even the base 
metal. Because less preparation of parts prior to assembly is necessary 
when welding is employed, it is also the most economical fabricating 
process. Many widely varied types of furnaces and boilers are built 
of arc welded steel construction. These include coal and gas fired 
domestic furnaces, heating boilers, and furnaces for heat treating 
and other industrial uses. A few examples of these products built of steel 
by the electric arc are illustrated in Figs. 1148 to 1154. 



automatic caution, arc welding. The segno set-up is used in this plant tor welding 
range boilers. 





Fig. 1149* Two types of combustion drums of all arc welded steel construction. 
Thickness of sheet is 16 to 20 gauge. 


Fig. 1150. Welding the flue section of domestic furnaces. 'This : f§ r tnoi^ “"i# ■ 'gahgn' 

sheet. 
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Fig. 1151. A gas fired hot air furnace of arc welded steel construction used for the 
heating ol an industrial plant. 


lor heat treatment of steel. Entirely are welded fro* 


eteel plates and shapes. Weight 35,000 lbs. 
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Fig*. 1153. Combustion chamber for shop heater of arc welded steel construction. 
Welding made possible unusual design of fins. Heating efficiency 87%. 
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Gas Plant Equipment 

Purifiers, water gas generators, coke pushers, piping, cylinder heads, 
moisture eliminators and valves are a few of the many pieces of gas 
plant equipment which are fabricated by arc welding for strength, 
rigidity, tightness and minimum weight. A few of these applications 
are here illustrated. 

Arc welding also serves gas plants as a valuable maintenance tool, 
providing a means of servicing to resist erosion and abrasion, and of 
fabricating special structures and replacement parts of existing ma- 
chinery. These applications include water and steam piping, glass 
piping, tar treating equipment, coal bunkers, conveying systems, water 
tanks, pulverizer parts, generator parts and valves. 
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Fig. 1156. Gem purifyers of all welded steel construction. Exceptionally strong, rigid, 
light in weight, of pleasing appearance and permanently tight. 


Fig. 1157. Cylinder head built from ordinary steel instead of expensive corrosion 
resisting steel. Left hand (port) opening — where corrosion normally occurs — is faced 
with 18-8 stainless steel electrode. Finished valve Is shown on right. 
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Fig. 1158. Fabricated welded steel cylinder head shown on left replaces cast head 
shown on right. 


Fig. 1159. Cylinder head for large gas engine fabricated from steel plate and pipe. 
Weighs 1370 lbs. as compared to 1940 lbs. for the casting which it replaced. 






Fig. 1160. Frequent breakage of cast iron cylinder beads (left) due to lime deposits, 
are overcome by fabricating the heads from welded steel. Component parts are shown 
below. Finished head shown above at right. Welded throughout with shielded arc mild 
steel electrode. Material cost $119.00. Labor, welding and machining $83.00. Finished 
head weighs 975 lbs. 
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Household Equipment and Fixtures 

Recent developments in the arc welding of light-gauge metals 
and alloys have resulted in the development of a wide variety of 
household equipment and fixtures. This includes furniture items, 
kitchen cabinets, sinks, furnaces (see Page 833), ranges, refrigerators, 
stokers and ornamental ironwork (see Page 935). 
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Fiq. 1162. In the manufacture of all metal chairs and other pieces of furniture for 
outdoor service, this manufacturer saves as much as $30.00 a day In one operation 
alone by changeover from riveted and bolted construction to welded fabrication. 
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Fig. 1164. Arc welding the pressed steel framework for a washing machine. This 
construction is much more rigid and permanent than the bolted construction used 
formerly. 






HHfl 


Fig. 1167. Fabricating domestic stokers from 16-gauge pressed steel parts by arc 
welding. Positioning jig with copper back-up fixture simplifies assembly. 
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Fig. 1168. Arc welding cuts costs in the manufacture of kitchen cabinets. In this 
shop the electric welding process requires half as much welding rod, saves 75% in 
welding fuel cost and is 10% faster. 



Ftg. 1189. Twin-bowl kitchen sink, 12 ft long, fabricated of monel metal by electric 
core welding. v *♦'! * ’ * 1,1 
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Fig. 1170. Laboratory table built from galvanized sheets welded by the carbon arc 
process with tinned copper alloy feeder rod. 


F%. 1171# A laboratory cabinet built from galvanised sheets welded by the carbon 
arc process with tinned copper alloy feeder rod. ^ 
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Jigs and Fixtures 

Arc welding is a valuable aid to tooling in meeting todays re* 
quirements for mass production, affording outstanding economies. 
Among the advantages of welded steel jigs and fixtures are: Maximum 
strength, accuracy for closer tolerances, cost saving as high as 75%, 
time saving as much as 85%, weight savings as much as 50%. wider 
range of application, simplified designing, minimised machining, easy 
modification to meet design changes. 

The accompanying illustrations show typical jigs and fixtures of arc 
welded construction. 



steel fixtures used lor cutting keyways In shafts. Welding sores 
two fixtures being welded at savings of $28.00. 
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Fig. 1174. Welded steel Jig used by a manufacturer of wood-working machines. 
Assures greater machining tolerances. Welding sored 40% in cost. 
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Fig. 1175. Welded steel jig for machining ol arbors of wood-working machines. 
Welding saved 50% in cost. 
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Fig. 1177. Shop-built woldod ft««l positioning ]ig for wolding rockor boom of oarth- 
moTing oquipmont. 


Fig. 1178. Closo-up of portion of positioning Jig used lor wolding tho bnckoft ol a 
tractor serapor. This fixture is built from scrap pipo and plato. 
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Fig. 1179. Welded steel machining fixture built at a saving of 50%. 



Fig. 1180. Assembly fixture for tack welding parts of pressing machine frame shown 
In Fig. 488. ■ . 1 
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Fig. 1181. Fixture for assembling and tack welding parts of small pressing machine 
frame. Built from angle and flat bar stock by arc welding. 




. 


, ,. yVi 


Fig. 1182. Welded steel drill jig for front axle of road-building machine. Weighs 
792 lbs. (950 lbs. cast), cost $73.98 ($102.43 cast), built in 36 hrs. (43 hrs. casty* 



TYPICAL APPLICATIONS OF ARC WELDING 


Fig. 1183. Boring fixture for axle, built by arc welding. Weighs 444 lbs. less, costs 
$63.70 less, built in 32 hours less than cast construction. 


Hg. 1184. Welded drill Jig for frame tie. Weighs 362 lbs. (434 lbs. cast), costs $41.53 
($63.12 cast), built in 25 hrs. (39 hrs. cast). 
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Machine Parts 

Changeover from cast or riveted construction to welded design 
is simple because this can be done one part at a time. On the follow- 
ing pages a wide variety of welded parts are shown, including ‘’‘before 11 
and “after 11 case studies as well as many typical parts grouped accord- 
ing to their classification or function. 

Finished assemblies of welded machine parts are shown in other 
sections of this chapter. 



Fig. 1185. Redesign of this bar bending machine cut costs on every part. For 
instance, the cost of the rack top plate was reduced from $60 to $32. The weight of 
the machine was reduced from 1,250 lbs. to 736 lbs. The welded machine can be 
operated by one man, whereas the old one required two men. The improvement in 
appearance is apparent. 



TYPICAL APPLICATIONS OP ARC WELDING 


vn 



Fig. 1186. Changeover of this sprocket housing from cast iron to welded steel cut 
its cost from $19.50 to $10.80. Also, the part is now unbreakable. 



Fig* 1187. this sheave housing for a gas-reducing valve, formerly made from cast 
iron, cost $2.65 plus pattern charges. Now fabricated from steel, if costs only $1.77 and 
is unbreakable. 



*56 



Fig. 1189. The cast iron platform stop for a lift truck was converted to welded steel 
with a reduction in cost from $1.50 to $1.20. The steel top weighs 35% less and is 
unbreakable. 


Fig. 1188. 
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Fig. 1190. Th© check brae© for a lift truck. The cast iron design, which frequently 
broke, cost 94c. It has been superseded by an unbreakable welded steel brace which 
costs only 67c. 



l^iiS 
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Fig. 1101. Th* upper frame pi jet portable lift truck. Changeover from the cast 
iron, riveted assembly to welded steel construction, saved $1.63 and cut Its Weight 50%. 


898 


PROCEDURE HANDBOOK OF ARC WELDING 



Fig. 1192. Supported at both ends and loaded at the center, the cast steel rocker 
beam tailed at 61,760 lbs. Under the same set-up, the welded steel design withstood 
a loading up to 105,000 lbs. The weight and cost of each is practically the same. 



Fig. 1193. The cast iron base cost $238 and weighed 560 lbs. Made of welded steel# 
St costs $171 and weighs 398 lbs. 
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Fig. 1194. An 8-«. spider for cm oven trccy conveyor. The cast steel design cost *130, 
whereas the welded steel costs only $70. Greater accuracy ot alignment ot bushings is 
also secured with the welded design, affording smoother performance. 



Fig* 1195. The old code construction of this hay rc&o consisted of ^car cmsemw 
rstings and a threaded truss rod. The new design is a welded unit of 30 /o lower 
•t and permanent construction. 
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Fig. 1196. A generator base for a grain mill. The cast iron design superseded cost 
$1.25; the new welded steel design costs only 85c. Weight reduction was 55%. 



Hg. 1197. This rack, used for adjusting the tilt of a saw table, formerly of cast iron, 
cost $1.12, weighed 11 lbs., and was often broken in service. The new welded steel 
rack costs only $1.08, weighs 6 lbs., is unbreakable and operates more smoothly 
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Fig. 1198. Both parts axe partially .completed headers for a metal washer. The cast 
iron header consists of a bolted assembly of castings, costing $23.65, complete. The 
welded steel header is built from two 4 x 4 x l/ 4 angles and plate and costs only $15.50, 
complete. The changeover yielded a savings of $8.15 on every header of this size 
produced. 



a crawler shovel was converted to the 
of $60.54. Weight was cut 34%. 


Fig. 1199. The cast steel take-up st< 
simple welded steel design shown at a 
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Fig. 1200. This driving trolley for a 10-ton hoist was cut in weight more than half 
by redesign for welded steel. Savings in cost amounted to $160.44. 



t * tf0O ’{fSr 9 ®d stand ior a potato and vegetable peeler formerly con- 
sisted of a bolted assembly of cast iron parts, costing $28.70. The new welded steel 
design of unproved appearance and unbreakable construction costs only $12.84. More- 
S, Xi ^ elded i £* 1 mo f el can b « supplied in any height desired by the customer; 
the old design would require separate patterns for every height. 
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Fig. 1202. A dipper stick yoke for a crawler shovel, changed from a cast steel 
construction costing $39 to welded steel costing only $25. 




Fig. 1203 . This worn gear shaft changeover illustrates the fact that even simple 
parts aaon be redesigned at a saving. Here the cost was cut freon $3.65 to $7.90. 
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Fig. 1204. Redesign of this sand box for a mining locomotive cut weight almost 
73%. This changeover is typical of many of this equipment wherein reductions in dead 
weight mean lower haulage costs. The welded design costs 60% less than the cast iron. 



Fig. 1205. The old cast iron lever arm for a spring tooth harrow wan bolted to the 
post as shown at a total cost of 8c. The new unbreakable steel lever, welded perma- 
nently to the post, costs only 6c. 
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Fig. 1206. This degree gauge for a bar bending machine formerly required separate 
patterns for every size machine. It cost 25c. The welded design, costing 20c, can be 
made to suit any size machine without additional cost or production delay. 



Fig. 1207. Built of cast steel, this bracket lor a shovel bucket cost $4,39, It 
changed to welded steel construction at a saving of $1.44 or 32%. 
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Fig. 1208. Bending arm and ratchet control lor a bar bending machine. The cast 
Iron part cost $48, weighs 225 lbs., and occasionally broke. The welded steel design 
costs $37, weighs 185 lbs., and is unbreakable. 
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Fig. 1209. BASES — (A) Foot construction for sump tank. (B) Sliding bass for motor. 
3} Bogie frame stretcher. (D) Pony truck. (E) Valve controller stand. (F) Generator base 
>r grain mill. 




1210. BASES — (A) Sub-base for machine tool. (B) Tandem drive gearbox support, 
(C) Roller table for band saw. (D) Engine base for small machine. 


jot#/# 
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Fig. 1212. FRAMES— (A) Holler table frame for dry ice saw. (B) Idler pulley frame. 
(C) Rocker beam for earth-mover wheels. (D) Cable guide for mining machine. (E) Pres- 
sure block housing for bar bending machine. 
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Fi?. 1214. FRAMES— (A) Frame lor heavy duty trailer. (B) Undorframe lor railroad 
passenger car. (C) 5-ton press housing. (D) 25-ton turbo-generator frame. 
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rig. 1215. BRACKETS — (A) Engine bracket lor crawler shovel. (B) Diesel engine radi- 
ator spacer bracket. (C) Brake bracket ior crawler shovel. (D) Chain casting support. 
(E) Steam locomotive bugger beam bracket. (F) Woodworker splitter knife holder. 
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Kg. 1216. BRACKETS — (A) Cross-cut gauge for woodworker. (B) Saw guard bracket. 
(C) Saw clamp shaft. (D) Grader bracket for harvester. (E) Saw clamp bracket. 
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5*. 1217. BRACKETS — (A) Adaptor tor locomotive bumper. (B) Flight lor conveyor. 
Bran hanger support. (D) Bracket for clutch hoist. (E) Bracket lor paper machine. 
Air cleaner support bracket. 
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Fig. 1218. LEVERS — (A) Bell crank clutch lever for crawler shovel. (B) Brake drum 
lever. (C) Dipper trip lever for crawler shovel. (D) Lift arm for harvester. (E) travel 
gear-shifter lever brake for shovel. (F) Lever for power mucking shovel. 
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Tla. 1230. LEVERS — (A) Levers lor industrial furnace. (B) Handle for paper cutting 
ladune. (C), (D) Levers for wire reel. 
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Pig* 1221. CONTAINERS — (A) Vacuum pan bottom section. (B) Exhaust steam condenser. 
(C) Stainless steel milk tank float. (D) Stainless steel mercoid switch, float. (E) Stainless 
steel ammonia inlet for milk cooler. (F) Stainless steel milk cooler refrigerant section. 
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Fig. 1222* CONTAINERS — (A) Inside tank for pasteurizer. (B) 400-lb. tank for process 
machine. (C) Steam-treating chamber for processing of silks. (D) Cooling coils for milk 
pasteurizers. 
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Fig. 1223. CONTAINERS — (A) 30-inch blast gate lor gas producer. (B) Vacuum pan 
condenser. (C) Fan dischargers tor gram mill. (D) Combination base and oil reservoir. 
(E) 1,300-lb. Diesel engine oil pan. 
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Fig. 1224. COVERS— (A) Fan guard for engine. (B) Caver guard lor clutch shaft (O 
Ch am guard on ice slinger. (D) Band saw guard. (E) Sliding door in gear guard lor 
greasing. (F) Drum gear guard for crawler shovel. 
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Fig. 1225. COVERS — (A) Disc saw guard. (B) Gearbox ior road grader. (C) Locomotive 
smokebox saddle. (D) Cover lor pulverizer mill. (E) Milk cooler cover showing stampings 
which are welded in to give vee'd groove. 
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Fig. COVERS— (A) Cover for rolling mill drive, weight 4,000 lb*. (B) Generator 

casing. (C) Cham guards of various sises. 




TYPICAL APPLICATIONS OF ARC 'WELDING 885 


Fig. 1227. MiSC. PARTS— (A) Main drive shaft for harvester. (B) Pulley for Idling 
device. (C) Screw conveyor for harvester. (D) Front post ol a road grader. (E) Chain- 
driven drum gauge. 
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Fig. 122S. MISC. PARTS — (A) Segregating icreeni for grain mill. (B) Brahe band for 
minin g locomotive. (C) Mixing propeller lor pasteurizer. (D) Bumper for mining locomotive. 
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Fig. 1229. MISC. PARTS-— (A) Wheel lor hand-truck. (B) Small spur gear. (C) Wire 
reel. (D) Pair of shovel wheels. 
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Fig. 1230. MISC. PARTS — (A) 12-K. fabricated steal gear. (B) Band-wheel and tag dm 
(C) 5-ton gear blank. (D) Mold board for road grader. 
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Machine Tools 

Arc welded steel is being employed in ever increasing amounts 
to the building of machine tools such as presses, brakes, shears, lathes, 
punches, etc., in order to secure the benefits of increased strength, 
rigidity and light weight for improved operating economies. This 
wide usage is conclusive proof of the superiority of welded steel 
construction in resisting stresses due to severe operating conditions. 
Notable manufacturing economies are also being realized by redesign 
for arc welding. Other advantages include simplified design, flexibility 
in manufacture and speedy production for quicker deliveries and ini' 
provements in appearance made possible by streamlining. 

A few typical machine tools of arc welded construction are shown 
on the following pages. 



Ftq. 1231. Multiple punch and shear, 1000-ton capacity, oi arc welded steel con- 
strucnon. This machine it used in punching and shearing structural plate up to one- 
inch thickness. 
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Fig . 1232. Spindle stroke honing machine/ 76 ft. stroke, 30" bore said to be the 
longest machine of its type. Main bed is of arc welded steel construction. 
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, IMS- Bed top, drive gear, ram line H beam, housing, press connection, hoi 
coMtrucfiom” 9U “ rd * 01 U ‘ i ’ 210 *® rie ‘ x 15 ft - P r8B * Brake are of arc welded 
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Fig. 1235. Hydraulic broaching machine of sturdy/ streamlined arc welded ste61 
construction. 
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Fig. 1237. Cold toll forming machine. Use ol welded steel In construction of base 
shortens average delivery time from 15 days to 5 days. Saves 33% in weight. Cost of 
completed welded base equals cost of patterns alone used for former construction. 
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Fig. 1240. Arc welded steel is employed extensively in the construction oi this die 
casting machine. 


Fig. 1241. Completely fabricated, all welded steel press. Capacity 2200 tons. Distance 
between housing 164". Typical application: forming steel ends for box cars. 
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Fig. 1243. Welded steel base of this center column automatic indexing, drilling, 
reaming and threading machine is an interesting design. 
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Fig. 1247. Centrifugal pump of welded steel construction designed to lift 867 g. p. m. 
to a head of 8275 ft. — said to be a world's record for this type of pump. 
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Machinery — Miscellaneous 

The following illustrations show a number of arc welded machines 
of interesting design in classifications not included in other parts of 
this chapter. In every case, both manufacturer and user benefit from 
several or all of the features of welded steel construction — strength, 
rigidity, light weight, quick delivery, low cost and pleasing appearance. 





V '7' H'--~ 
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Fig. 1249. Concrete mixer used in conjunction with the forming machine shown In 
Fig. 1250, to produce concrete blocks, brick and tile. Built from steel plate and shapes 
by arc welding. 
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Fig. 1250. "Joltcrete," a machine used for lorming concrete blocks. It operates on 
a principle of vibration rather than the conventional method of dumping, employing 
7200 picking blows per minute for improved mixing and stronger concrete blocks. Arc 
welded steel construction is used to fullest extent possible to provide maximum strength# 
rigidity and economy. 


Fig. 1251. Power stripper used for forming concrete blocks. Shows interesting details 
of welded steel construction. Hard-facing with super abrasion resisting electrode# also 
employed on parts subfect to abrasion and impact (on edges of tamps). 



V 
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Figr. 1253. Conveyor washing machine lor cleaning machine parts. Welding make s 
sibie a streamlined design with an exceptionally strong, rigid framework. 
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Fig. 1254. Ice slinger of welded construction built from shear cut and brake formed 
plate and standard mill shapes. Note simple, pleasing design of base. 
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Fig. 1256. Drive end of this textile winding machine is of welded steel construction. 


Maintenance — Miscellaneous 

The repair of broken machinery and equipment parts was one of 
the first uses of electric arc welding. Since the introduction of shielded 
arc welding and the development of special electrodes for welding 
and hard'facing applications of all kinds, this maintenance tool has 
grown in use tremendously, saving millions of dollars annually for 
industry. 

Arc welding is used by the maintenance department of thousands 
of mills, shops and construction projects in three ways, namely: (1) 
As a means of adding new metal to worn parts. (2) As a means of 
repairing broken parts of machinery and equipment. (3) As a means 
of building special production equipment, shop fixtures, machine parts 
and structures of all kinds. Many maintenance applications are il' 
lustrated and discussed in other sections of this chapter. The following 
illustrations show examples of a miscellaneous nature. 


TYPICAL APPLICATIONS OF ARC WELDING 


903 



Fig. 1257. Repair o! the cast steel frame of an upsetting machine. Break is shown 
by chalk mark. One weld is 6" thick and 30" long. Two welds are 2Vz" thick and 
24" long. Skillful procedure by controlling expansion and contraction kept alignment 
of parts within .010". Saved $1800.00 replacement cost and five weeks outage time. 



Fig. 1258. Broken bearing support of heavy shear. Crack was vee'd and welded, 
then reinforced with flame cut 1" plate, welded to shear as shown. 



PROCEDURE HANDBOOK OF ARC WELDING 


Fig. 1260. Broken bearing support lor set oi rolls (leit) replaced with part shown at 
right, using welded construction with mild steel plate. Saving 32% over replace- 
ment cost. 


5 
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Fig. 1264. Paris for clutch collar in two-speed transmission of lumber mill engine. 
Worn prongs are built up with tool steel electrode, saving $9.00 per collar and greatly 
prolonging their life. 
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Materials Handling Equipment 

Outstanding among the benefits of arc welded construction in the 
manufacture of materials handling equipment is the reduction in dead 
weight for greater pay loads. Also, in the case of equipment such 
as cranes, where long spans are encountered, the rigidity of welded 
steel makes possible improved designs and lower costs. Following 
are a few typical applications. See also Automotive Construction (Pages 
764 to 784 ) and Watercraft (Pages 1064 to 1088 ). 





Fig. 1265. Traveling crane of 200-ton capacity and 100 ft. span of arc welded steel 
construction. Used in the plant of a large Diesel locomotive manufacturer. 


Fig. 1266. All welded steel sprocket used in a vertical core oven* Overall diameter 
13 ft. Finished within a tolerance of Vfe". 
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Fig. 1267. Lilt table of welded steel construction lor use in railroad roundhouse car 
shops. 



rig. izbh. uneol the largest Industrial trucks ever built of welded steel construction. 
Capacity 40,000 lbs. Length 250", width 76". Built with standard structural shapes 
and plate, providing exceptional strength and rigidity with minimum weight. 
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Fig. 1269. Wheel for a cement buggy. Former construction is shown in background. 
Welded steel construction, comprising pressed steel rim, plate disc and stiffeners and 
pipe hub gives modern design of pleasing appearance at low cost. 
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Fig. 1272. Manufacturing "Hedler" conveyor casing by automatic carbon are welding, 
This comprises two formed channels and a divider plate welded together. 



% : Hf ' 


Fig. 1274. Side wall coal handling machine for an eastern railroad. Practically 
100% welded steel construction. 
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Fig. 1275. Welded steel gears and sheaves for materials handling equipment. Ad- 
vantages: Cast savings are 10% to 25%. Quality is high, lor various steels may be 
used in hubs, webs and rims to suit service requirements. Delivery time lor special 
sixes is exceptionally short. 
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Fig. 1277-A. Replacement at this vein camt iron power wheel ai a cement mill crane 
would have coat $550. It won built up bj ate welding at a total cost oi $125. 
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Mining Equipment 

By specifying equipment of welded construction, coal and metal 
mines profit by securing maximum serviceability because of the 
strength, rigidity and tightness of arc welded joints. Moreover, es- 
pecially in the case of materials handling equipment, costs are mini r 
mized because of the reduced dead weight of welded designs. 

Because of the severe usage of mining equipment, arc welding is 
used extensively for the repair and reclamation of broken and worn 
parts. Typical applications include refacing of cutters, drills, bits, 
shafting, wheel treads, locomotive tires, gear teeth, frogs, switch 
points and rail ends. Mine maintenance shops also do considerable 
fabrication work in the replacement of broken parts and in the build- 
ing of special equipment and structures, ranging in si^e from the 
coal tipple shown in Fig. 1286 down to the draw head shown in 
Kg. 1285. 



xig. xi, jo, neouuoug mine ecus wim wemeo *u»oi m me wvuuwuuiww wjjsuuiwm 
of a large coal mining company. This construction minimizes dead weight and because 
of this advantage, welded steel construction is often specified in the purchase of ears 
and other material handling equipment. 






Fig. 1280. Building up worn locomotive tires. High carbon steel filler band Is heated 
red hob bent around the wheel and tightened by a clamping bolt as shown in inset. 
Tire is then built Hush with shielded arc mild steel electrode. Average time per wheel 
Is 2^2 hours. Service of repaired wheels equals service of new wheels. 
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Fig. 1279. Sprockets and gear of this coal mine conveyor head shaft are of welded 
steel construction. The teeth are steel castings. 
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Fig. 1282. Building up worn dipper tooth ol world's lorgost power shovel used in 
strip mining. Successive beads of super abrasion resisting electrode are laid cross-wise 
of the teeth covering faces and points. 



Fig. 1288. Reclaiming bronze mine pump casting with stainless steel electrode. 
Assures good corrosion resistance against mine water. Repair costs $150.00. sores 
$1650.00. * T ‘ 
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Fig. 1284. Building up worn tires of locomotive wheels with high carbon steel 
electrode. Betread costs $15.00 per wheel. Saves $15.00. 
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Fig. 1286. This 5CMton all-welded coal tipple structure carries four heavy duty 
vibrating screens. All steel was delivered direct from the mill and was flame cut 
and fabricated right on the erection site without detail plans. The two closeup views 
show connections which give the structure unusual rigidity. 


Oil Production 

Field Welding of Oil Well Casing. — One of the most important 
welding developments for the petroleum industry in recent years is 
in the replacement of threaded joints in the running of casing. Arc 
welding has already been used for this purpose in thousands of 
wells in California, Mid-Continent field and in the new Illinois field. 
Installations include one string 8100 feet long in the Mid'Continent 
field which was welded with beveled joints, plain end casing. When 
completed, pressure tests under 1200 pounds pressure proved the 
installation to be 100% satisfactory. 

The following information is based on the experiences and pro- 
cedures that have been developed during the past four or five years. 
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Advantages of arc welded casing include: (1) Low cost of plain 
end casing as compared to thread and coupled casing. (2) Elimination 
of leakage which is especially important for deep wells where pump- 
ing pressures are high. (3) Higher joint efficiencies (resistance to 
tension and collapse stresses) providing as much as 100% efficiency 
as compared to 50% to 70% for thread and coupled joint. (4) With 
butt welded joint, closer tolerances between inner and outer strings 
and the hole are possible, reducing cost of casing and drilling. (5) 
With streamlined, butt welded joints, casing is more readily recovered 
from an abandoned hole, offering less resistance. 



Fig. 1287 



Fig. 1287. Bell and spigot type Joint, used generally for surface strings in diameters 
of 12" to 24" and depths of 100 feet to 1200 feet. 

Fig. 1288. Plain end U bevel and V bevel type Joints used extensively on grades C 
and D casing in diameters from 5V4 W to 11%". These types of Joints have been used 
at setting depths up to 8160 feet. 

_ L ig# . sli P type Joint, embodying a sleeve connection, is used extensively in 
California fields with exceptionally good speed (average of 5 minutes per joint on 1134" 
casing in the case of one contractor). 


Different grades of casing with different degrees of weldability 
(varying inversely with carbon content of the steel), are available. 
Grades A and B with low carbon content and tensile strengths of 
*y,000 to 65,000 pounds per square inch are used for short surface 
strings, generally with bell and spigot joints. Grades C and D, with 
medium carbon content (often more than .35%) and with tensile 
strengths of 75,000 to 95,000 pounds per square inch, are generally 
used with plain end V or U groove joints for deep strings. Joints 
of various types are shown in Figs. 1287 to 1289. Welding procedures 
for bell and spigot type joint and for plain end, beveled joints are 
given in the following tables. 


Bell and Spigot Type Joint — Grades Aff B Pipe 


Da. 

Will 

l«t Bead 

Vi” Shielded 

b«h 

Thick- 

Electrode 

J»int 

new 

Ampg. 

12* 

5i«" 

325 

14* 

Vs" 

340 

16* 

Vs" 

340 

18* 

Vs" 

340 

28* 

Vs" 

350 

22* 

Vs" 

350 

24* 

Vs" 

360 


Arc y A ” Skidded Are 


Volta 

Amps. 

Electrode 

Volta 

32—34 

325-350 

32-34 

30-32 

340-350 

30-32 

30-32 

340-350 

30-32 

32-34 

340-150 

32—34 

34-36 

350-175 

34-36 

34-36 

350-375 

34-16 

34-36 

360-375 

34-36 
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Plain End — V Bbvbl and U Bevel — Grades C 8? D Pipe 

1st Bead 2nd and 3rd Bead 


Dia. of 

Wall 

Thickness 

■£ 2 ” High Tensile 

Steel Electrode 

■&" High Tensile 

Steel Electrode 

Joint 

Inch 

Amps. 

Volts 

Amps. 

Volts 

514" 

9ie 

175-185 

26-28 

195-210 

30-32 

534" 

Sis 

180-185 

26-28 

200-210 

30-32 

6" 

% 

180-185 

26-28 

200-215 

32-34 

6Vs" 

% 

185-190 

28-30 

215-220 

32-34 

7" 

% 

185-190 

28-30 

220-225 

32-34 

m" 

% 

185-190 

28-30 

220-225 

34-36 

8" 

% 

190-195 

30-32 

225-230 

34-36 

8 5 /a" 

% 

190-210 

30-32 

225-230 

34-36 

9" 

% 

200-210 

30-32 

230-235 

36-38 

9H" 

% 

200-210 

32-34 

230-235 

36-38 

10" 

% 

200-210 

32-34 

235-240 

36-38 

105/g" 

% 

200-215 

32-34 

235-240 

38-40 

ll 5 /8" 

% 

210-215 

32-34 

235-240 

38-40 
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Kg. 1291. In a fabricating yard at Galveston, Texas. Joining two 16-ft. tengthi I of 
"Kaneweld" 24-Inch surface casing. This casing is fabricated from rolled plcrte, welded 
longitudinally by the automatic carbon arc process. It is installed in the liela m J4-n. 
lengths with shielded arc mild steel electrodes. 



Fig. 1292. Welded string of casing 8160 it. long in Oklahoma field. Joints are plain 
end U bevel and V bevel. Three passes with 3/16" high tensile steel electrode. 106% 
penetration. Steps shown are: (1) Tack welding with fine-up clamp in place. (2) Two 
ked simultaneously on opposite sides. (3) The © 
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1294. Pumping unit of all welded steel construction in the East Texa* field. 
Welded construction is used almost exclusively for equipment of this type to assure 
maximum rigidity and min i mu m weight for lowest manufacturing and operating costs. 


Welding of Tool Joints. — After drill pipe has been used for some 
time, the joints become loose and weakened due to the whipping action 
that takes place during drilling. 

Especially in deep well operations, this condition of looseness at 
the joints is the concern of drillers because it results in leakage of 
mud pump pressure which should be maintained for most ^c nnomi>al 
and speedy drilling. Moreover, it is sometimes dangerous, since failure 
of a joint (it usually twists off at last engaged thread) would result 
in the dropping of the string and the waste of considerable time and 
money for fishing out operations. 

It is to overcome these conditions that many producers are welding 
the tool joints at both ends of every section of pipe. This makes 
possible a construction that is permanently strong and tight at the joint, 
making posable higher mud pump pressures at the bit, for faster dr illing, 
and precluding twist offs at the last threads where they normally occur! 
Also, because the joints are permanently rigid, there is less whipping 
action, resulting in a straighter, more uniform hole which costs less to 
cement. , 

Standard A.P.I. Joints. — Following is the procedure used by a tool 
company in the North Texas Field in the welding of drill pipe joints: 
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1. Both the pin end (male joint) and box end (female joint) are 
tightened in a lathe under 15,000 foot pounds. This assures a tight 
seating of the threads so as to secure their maximum strength. (Some 
producers who weld their joints in the field and do not have the 
necessary equipment for tightening the joints eliminate these opera- 
tions.) 



DRILL PIPE PIN END BEFORE WELDING 


I PIN ENDWQJ 

3 PA55ES VJITH 
MILD STEEL ELECTRODE 


A. P.I. JOINT 


Fig. 1295. A.P.I. Joint. Pin end. Before and after welding. 

2. Pin end. It is shown in the sketch above. The coupling is 
welded to the pipe with Type A shielded arc electrode. This 
is a roll welding operation with the welding operator doing the rolling 
with his left hand. Both ends of the pipe are mounted on rollers to 
facilitate turning and the pipe is turned by the welder with a standard 
pipe turner with a handle about two feet long. Three passes are 
made, producing a bead which slopes down from the top of the 
coupling shoulder to the pipe at an angle of about 30 degrees. See 
Fig. 1295. 



COPPER BACK-UP CLAI 



WLL PIPE 
A, P.I. JOINT 
BOX END BEFORE WELDING 


SUCCESSIVE MS5ES Z STRENGTH BEADS 
WITH MEDIUM CARBON WITH HILO STEEL 

ALLOY STEEL ELECTRODE ELECTRODE 

BOX END WELDED 


Fig. 1296. AJP.L Joint Box end. Befor* and after welding. 


3. Box end. It is shown in Fig. 1296. Two beads are first made 
with Type A shielded arc electrode for strength purposes. A copper 
back-up clamp is then used to apply a wear ^ resisting shoulder with 
a flat face up to the level of the joint. This weld, made with a medium 
carbon alloy steel electrode, provides a hard, flat surface which is 
desirable at this point because this is the point of contact with the 
elevator and is therefore the surface that must bear the entire load 
of the string below it, (when pulling out of hole). The back-up 
clamp is positioned between the clamp and the joint is filled up 
to the edge of the joint with medium carbon alloy steel electrode. This 
is a roll welding operation, the rolling performed by the welder. 
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Fig. 1297. Copper back-up clamp for welding box end. 


The copper back-up clamp used for this operation is designed as 
shown in Fig. 1297. 

Note: Instead of a medium carbon alloy steel electrode, some 
operators use a high carbon steel electrode for the final passes on 
the box end. 

Hydril Externally Upset Drill Pipe Joint. — A cut-away view of 
this type of joint is shown in Fig. 1298. Due to the upset section, this 
pipe is said to be the strongest drill pipe available, providing extra 
thickness of metal at the threads. 
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^TOOLJOItlT ^DRILL PIPE 


Fig. 1298. Hydril externally up-set joint. 


Constant rotation in drilling naturally wears down the outside 
diameter of the tool joint as well as the outside diameter of the drill 
pipe along the up-set portion. Since it is desirable to maintain the 
full section at the joint for maximum strength, the worn joint is re- 
claimed by arc welding, using the following procedure. 


£ 






s 

SHEET METAL CAPS 
THREAD PROTECTORS 



COPPER CHILL BARS 


■\a^^ CIJPPED ° n 


I 




TURhlS? 
SPItIDLE 

DEPOSITED LAYER OF 
W MEDIUM CARBOM ALLOY STEEL 



Fig. 1299. Set-up for building up worn hydril tool joint. 
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The joint itself is mounted on turning spindles as shown in Fig. 
1299. The threads should be protected from spatter by a sheet metal 
cap designed to fit over them as shown. Copper chill bars should 
be used, positioned as shown at the ends of the joint. These chill 
bars help to absorb the welding heat from the tool joint and maintain 
original machined dimensions. 

The most effective electrode has been found to be J4 ,r medium 
carbon alloy steel applied in longitudinal beads with 250 amperes. 
A single layer of the beads is applied all around the joint. 

To build up the externally up-set section of the pipe it is important 
that the tool joint be inserted before welding in order to prevent undue 
contraction of the threads and to preclude remachining. 



ALLOY STEEL Va ELECTRODE. 



INSERT TOOL JOINT FOR 
V/ELDIN6 TO PREVENT CON- 
TRACTION OF PIPE THREADS 


Fig. 1300. Set-up lor building up worn hydril drill pipe — first method. 


The pipe can be mounted on rollers to facilitate turning. A single 
layer of beads run longitudinally with Ya” medium carbon alloy steel 
electrode is recommended. Refer to Fig. 1300. 



2— PASS wrTH '4 HIGH CARBON 
STEEL ELECTRODE 


Fig. 1301. Second method lor building-up worn externally up-set hydril drill pipe. 


Another method that has been found successful in building up 
the drill pipe is as illustrated in Fig. 1301. By this method, mild 
steel clips approximately Ya" x are welded to the pipe in order 
to build up the surface. The first pass, joining the clips to the pipe, 
is made with Ya 1 ” shielded arc mild steel electrode. A second pass of 
Ya” high carbon steel electrode is then applied, making a flush joint 
but not overflush. In cases where the diameter of the pipe after 
completion must be exact, the drill pipe is machined to the proper size 
before welding. 
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Fig. 1302. Welding pin end of standard A.P.I. Joint. Left below: Completed pin 
end Joints. Bight below: Completed box end Joints. 


Fig. 1303. Two steps showing another method of building up box ends of AJP.I. 
Joints. Joints are machined about to receive semi-circular medium-carbon steel dips 
as shown. Edges of clips are scarfed for maximum weld penetration. Initial passes are 
®Ode with 5/16" mild steel shielded arc electrode. Finish passes are made with 
medium carbon alloy steel electrode for resistance to Impact and abrasion* Note copper 
back-up damp on left and turning device on right. 
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Fig. 1306. Close-up of a welded steel rotary draw-works showing speed reducer 
and other interesting design details. 
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Fig. 1308. A few miscellaneous welded parts used in the construction of the draw- 
works shown in Fig. 1307. 



Fig* 1309. All welded portable drilling rig showing interesting design details. This 
rig is mounted on g special truck for use in mountainous country. It embodies hydraulic 
rgm to force pressure on drill stem for faster drilling. When rig is disassembled it folds 
into one-third the operating length. See Fig. 570 for closeup of Joints. 
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Fig. 1310. Oil well reamers and mills. Built from mild steel stock with a build-up 
•I tool steel by arc welding. Worn reamers are hard-laced by the same method. 


Oil Refineries 

Arc welded construction of cracking stills, fractionating towers, 
piping, evaporators, cooling boxes, condensers and other refining equip* 
ment has made possible radically improved refining processes result* 
ing in greatly decreased costs of petroleum products and conservation 
of oil resources. It is claimed that welded construction of the modem 
refinery makes possible twice as many gallons of gasoline per barrel 
of crude oil and has cut the cost of gasoline five cents per gallon as 
compared to the old conventional construction. 

Several recent refinery installations are illustrated on the following 
pages. 

Also see the section on Tanks. 
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fig. 1311. A mw $2,000,000 refinery at Oleom, Colli Are welding woe need ex- 
tensleely in the iabrication gmd' erection of this modem plant. 
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... 1313 * Shop view showing the fabrication of fractionating towers for the refinery 

illustrated in Fig. 1312. 
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Ornamental Iron Work 

Ornamental Iron. — Skill and artistry so essential in ornamental 
iron work are aptly aided by the use of the electric arc welding 
process. In many designs the desired rustic effect can be obtained 
by fabricating the work with the electric arc and leaving the welds 
in their natural state without filing or finishing. The maximum 
strength is also acquired by use of this construction. Examples of 
this type of work are shown in the following illustrations. 



Fig. 1314. From# works for door and screens fabricated from bar stock by arc welding. 
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Fig. 1315. A few typical examples of ornamental iron work fabricated by arc welding. 




Fig, 1317, Ornamental symbol used on top ol main building at Golden Gate Inter- 
national Exposition. Tbis Phoenix is 22 ft. high, weighs 5000 lbs., and comprises 700 
separate hand-shaped 16-gauge metal sections fused together by 6800 lineal feet of arc 
welding. 



• • .. ' 


Fig. 1318. Lettering for this memorial was made with metal applied by electric are 
process. 




Eiff. 1320. lighting fixture fabricated by arc welding, earing $40 each. Approxi- 
mately 3 ft. high. 
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Fig. 1319. Candlestick, fabricated from mild steel by arc welding. 12" high. Contains 
more than 50 welds. 
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Pipe Fabrication 

Large diameter pipe is usually fabricated by the automatic shielded 
carbon arc. Diameter sizes range from 12 inches to 90 inches and 
larger. The wall thickness varies in accordance with diameter, size and 
service requirements of the pipe. The plates are formed so that there 
are one or more longitudinal seams in the pipe, depending upon its 
diameter, size and forming equipment available. The longitudinal 
seams are butt joints. The formed plate for the smaller sizes of pipe is 
generally placed over a mandrel with the abutting edges of the plate 
clamped securely in place for welding. An automatic welding head 
mounted on a beam riding carriage travels over the butt joint, welding 
as it goes. For procedure, see Pages 241 to 249. 


Fig. 1321. Welding 51-lnch pipe in 30 It. sections made from two rolled plates ol 
%4n. thickness by the automatic shielded carbon are process. 

Longitudinal seams in pipe larger than 30 inches in diameter such 
as used in water lines are usually welded inside and outside. A typical 
application, that for a 51 "inch pipe used in construction of a feeder 
line in the Colorado River aqueduct system, is shown in Figs. 
1321 and 1322. It is being welded from two %"inch rolled"plates in 
30-foot lengths. No plate preparation is necessary. The rolled semi- 
circular plates are fitted together in a jig and are tack welded. One 
seam is then finish welded on the outside with an automatic shielded 
carbon arc welder which travels on a beam as shown in Fig. 1321. It is 
then rotated 180 degrees and the other outside seam is welded. 

The 30"foot section is then moved to the set-up shown in Fig. 1322 
and the inside seams are welded with a tractor type automatic shielded 
carbon arc welder. The inside passes are made flush with the pipe, 
avoiding the necessity for chipping. 
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Welding from both sides in this manner produces a joint that 
neutralises stresses. 

One end of the 30'foot sections is expanded to provide a bell and 
spigot circumferential joint which is field welded on the inside and the 
outside. See Fig. 1355. 



**cnn* of M-inch* pip #^ ***** autornatic shieIded carbon arc weldor welding the inside 
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Plain butt joints up to ^-inch thickness are welded with complete 
penetration from one side only The welding of 16-inch diameter pipe 
at 40 feet per hour is illustrated in Fig. 1323. 


Fig. 1323. Welding 16-inch diameter pipe with the automatic shielded carbon arc 
process. Complete penetration is obtained by welding from one side as shown. 
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Fig. 1325. Sections of 20-foot diameter penstock fabricated by automatic shielded 
carbon arc welding in the field. 


Pipe Lines (Oil and Gas) 

The simplicity, speed and high quality of shielded arc welding has 
resulted in wide-spread progress in the construction of cross-country 
pipe lines during the past ten years. 
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The chart shown in Fig. 1326, plotted from data secured from a 
source which is considered authoritative, shows how the demand for 
shielded arc welding in pipe line construction is growing. 

Various types of joints employed in pipe line welding are illustrated 
in Figs. 1327 to 1330. The plain end joint shown in Fig. 1330 was in* 
troduced in 1933 for oil line construction. Up until 1938 it was used 
only on lines as large as 12 inches. However, due to proven economies 
and highly satisfactory service of more than one million shielded a!rc 
welded joints in service, this simple type of joint has now been extended 
to pipe as large as 16'inch diameter. Resultant economies in construc- 
tion and operation of oil lines are apparent. 



Fig. 1327. Bell and spigot 
type Joint, nsed back in the 
days of the unshielded arc. 



Fig. 1328. Double bell Joint with lines 
for oil lines. Built between 1930 and 1933. 



Fig. 1329* Plain end Joint 
with finer, used for gas lines 
as large as 24 in. Two weld- 
ing beads are required. 


Fig. 1330. Plain end Joint without liner, 
now used extensively for oil lines as large 
as 12 in. Three heads are required. 


The plain end joint with liner is used almost exclusively for gas 
lines because the resistance to flow caused by the liner is negligible and 
because this type of joint in larger size pipes is most economical. 

Following is a general description of modem practice in the con- 
struction of oil ana gas lines, using the plain end joint with liner for 
gas lines, and the plain end joint without liner for oil lines. 

Out in front of the entire construction gang goes the lineup and 
tacking crew. Aided by a tractor and hoist, they put the pipe lengths 
on ball-bearing dollies for rolling. The tack welder tacks the adjacent 
lengths of pipe together usually at four points in the circumference. 
He joins as many lengths as the nature or the line and the contour of 
the country will permit. The long tack-welded section is then left on 
the dollies ready for the firing line welders who follow close behind 





944 


PROCEDURE HANDBOOK OF ARC WELDING 









Fig, 1332. Tack welding with the shielded are dark 
the world's longest welded pipe line which Is located in 
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The firing line crew, including several welders, completes the welds 
of the long sections. These operators weld at the top of the pipe while 
a helper turns the pipe by means of a chain pipe wrench. Thus, all 
welding is done in a flat, downhand position, and by using large-size 
electrodes (J4", Yiq" and sometimes %") and heavy welding current, 
high welding speeds are obtained. After completion of each bead, a 
helper cleans all of the slag from the weld. Each completed weld is 
inspected for any imperfections before the welder proceeds to the next 
joint. When the section is entirely welded, the pipe is rolled off the 
dollies and the pipe sections are painted and then joined into a con- 
tinuous stretch by “bell-hole” welding. 

This pipe is placed on timber skids near or over the trench and, in 
this position, it is ‘‘bell-hole” welded. Here, instead of having the pipe 
rolled beneath the arc, the operator plies the arc around the pipe. For 
these welds, he uses smaller sized electrodes ( % 2 " or % 6 ") with 100 
to 200 amperes. 

In the construction of oil and gas lines in rough terrain or very 
muddy or sandy country, the “stove-pipe” method is frequently em- 
ployed. Here, all joints (usually plain end without liner) are position- 
welded like bell-hole joints. One joint at a time is added to the 
line, making it possible to reduce the size of the crew and amount 
of equipment, and keep operations bunched together under one super- 
visor. During alignment and tacking, the joint is usually held in 
place by a line-up clamp or “grasshopper.” After tacking, two bell- 
hole welders work simultaneously on both sides of the joint, making 
the complete first bead, each welder coming down from the top. This 
type of construction is illustrated in Fig. 1334. 





Fig. 1334. Welding a 12-in. line in Colombia by the stove-pipe method. 


Fig* 1335. Making a bell-hole weld in a 16-in. oil line in Venezuela. Two Hi«i 
(two tackers and four welders) joined the roll welded sections* making a total 
bell-hole welds with 3/1 6-in. Type A shielded arc electrodes. Two welders often 
simultaneously at each bell-hole weld as shown. 



Fig. 1336. A firing line gang on a 16-in. oil line in Venezuela. Gang consisted of 
one tacker and five welders. Joints are V-groove butt joints without liner. First pass 
made with 3/ 16-in., second pass with third pass with 5/16-in. Type A shielded arc 

electrode. 


bell-bole weld ha a 16-in. oil line ha Missouri. Construction of 
a butt joints without back-up ring) made It possible to use one 
of several smaller lines. 


Fig. 1337. 
this 164n* oil 
pipe line in j 
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Fig. 1338. Making a firing line weld in a 10-in. oil line in Illinois. This is one 
section of a 357-mile line, all shielded arc welded. 


■ J ! .Hi,', 

Hg, 133 8- A. In a flat lay at land, the firing line gang roll-welds sections of pipe iir 
a 10-Inch oil line in Illinois traversing hilly country. 
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The wall thickness of the pipe for river crossings is generally 
50% to 100% greater than that used in the rest of the line. The 
pipe is roll-welded and bell-hole welded into a section long enough 
to cross the river. Each joint is usually reinforced by a welded-on 
sleeve such as those shown in Fig. 1349. Special river clamps, four 
to ten feet long and weighing 1000 to 3000 lbs. each are often bolted 
to the pipe at intervals, serving as a means of anchoring. The pipe 
section is then attached by cable to tractors and pulled onto pontoons 
from which it is guided by stakes into a dredged out ditch in the 
river bottom. It is usually buried at a minimum depth of eight feet. 
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Table I — Electrode Sizes 




Roll Welding Without Backing-Up Ring 

Sue Pipe 

Stringer Bead 

Second Bead 

Third Bead 

4 » 

ft" 

ft" 

14" 

6" 


14" 

14" or A" 

8" 

ft" or ft" 

14" 

14" or A" 

10" 

A" or ft" 

14" 

14" or ft" 

12" 

A" or A" 

14" 

ft" or 


Roll Welding With Backing-Up Ring 


6" 

ft" or ft" 

14" 


8" 

ft" or J4" 

14" 


10" 

1 4" or A" 

ft" or 2-g " 


12" 

14" or A" 

ft"or3/ 8 " 


14" 

ft" 

ft" or 3/ a " 


16" 

ft" 

H" 


18" 

ft" 

Vs" 


20" 

ft" 

Vs” 


22" 

ft" 

W 


24" 

ft" 

H" 


26" 

ft" 

H" 



Position Welds Without Backing-Up Ring 



“Stove Pipe” or “Tie-in” Method 


6" 


A" 

ft" 

8" 

ft" 

A" 

ft" 

10" 

ft" or ft" 

A" 

ft" 

12" 

ft" or A" 

A" 

A" 


Position Welds With Backing-Up Ring 



Use ft" rod for all beads 

on all sues of pipe. 



PJs- Building gn la-in. gaa line In Wyoming in subzero weather. Engine driven 

welders with anti-freeze In the radiators can he used in extremely cold weather where 
<om«r welding processes requiring quantities ol water would not be prowstlcaje 





TYPICAL APPLICATIONS OP ARC WELDING 951 

Table II — Average Speeds of Pipe Line Welding 
(The following data is not the actual time consumed in making each 
individual weld, but is the average time consumed in making all welds on 
an average length pipe line from start to finish of the job, and includes 
delays, breakdowns and moving time. In other words, it is the average 
production that can be expected per welder per hour on pipe line 
construction.) 


Roll Welding Without Backing-Up Ring (Three Beads) 

Siajc Pipe 

Average 

Welds Per Hour 

6" 


6.0 

8" 


5.5 

10" 


4.0 

12" 


3.0 

16" 


2.5 

20" 


2.25 

22" 


2.1 

24" 


2.0 

Roll Welding With BackinG'Up Ring (Two Beads) 

6" 


7.0 

8" 


6.5 

10" 


5.0 

12" 


4.5 

14" 


4.0 

16" 


3.5 

18" 


3.25 

20" 


3.2 

22" 


3.1 

24" 


3.0 

26" 


2.5 

I Position Welding (Stove Pipe Method) Without Backing'Up Ring 1 


After 1st Bead Run by Tackers 


6" 


5.0 

8" 


4.0 

10" 


3.0 

12" 


2.0 

Table III- 

—Amount of Rod Used to Weld Various Size Pipe 


Less Without Ring Due to Close Spacing 


Thickness of Pipe — Z 4 " to % Q " 



Pounds Rod Per Wdd 

Siaje Pipe 

With Ring 

Without Ring 

6 " 

LOO 

*75 

8 " 

1.50 

1.00 

10" 

2.00 

1.25 

12' 

2.25 

1.50 

14" 

2.50 

1.75 

16' 

2 . 7 ? 

2*00 

18" 

3.00 

2.25 

20" , 

3.25 

taik' 

22" 

3.50* 

. . *’ 

24" 

3.75 

3.00 






Fig. 1341. Arc welding an 18 -in. gas line in Utah — total 53 miles, 6729 butt Joints 
with back-up ring. Welded by firing line and bell-hole method an average of 103 Joints 
per day. 


Fig. 1342. Shield-arc welding a 16-in. gas line (235 miles long) in Nebraska. RoU 
welds are here being made. 
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Table IV — Spacing of Pipe Joint for Welding 


Size Pipe 

A" 

6 " 

8 " 
10 " 
12 " 


Average Spacing 
A'toJ*" 

A" to i/ 8 " 
A"to!4" 

A" to *4" 

A" to J4" 


Roll and Position Welding with Backing-Up Ring 
For all sizes of pipe, use a space of from %e" Vs 2" 

Position Welding Without Backing-Up Ring 

6" A* 

8" A" 

10 " A" 

12 " A" 



Table V — Amperage and Voltage for Various Sizes of Rod 


Size Rod 

Amperage 

Roll Welding 

Voltage 

J4* 

100150 

30-40 


125-200 

30-40 

A" 

150-225 

30-40 


175-300 

30-40 

14* 

200-325 

30-40 

A' 

250-400 

30-40 

H" 

350-500 

Position Welding 

30-40 

Vt" 

100-150 

25-40 

A" 

125-200 

25-40 

A* 

125-200 

25-40 


> Her. 1845. Erecting a river crossing 12-inch pip# for a gathering system between 
cm oil Hold and a cracking plant whore casing head gas will be ..converted Into 
gasoline. A parallel 4-in. arc welded line will carry residue back to the well. Joint* 
are V-grooved. 
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Fig. 1346. Building a crossing of 10«in. oil lines on the Mississippi River. Extra heavy 
pipe (.50-in. wall thickness) is used. Joints are plain butt with 30° bevel. All welding 
is; done on the barge. River clamps (visible in the picture) are bolted over each joint 
and the line is lowered into the river. When tested under air pressure these five river 
crossing lines were found to be 100% OK. 





*n 
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Fig. 1348. Stanton for a 23-in. gat Iin. iItw craning, fabricated from pipa. Amiably 
in pairs as shown permits accural® alignment. 


brandies out yin ; lour 
12-in* lines as shown. The 12-in. lines are roll welded into sections and Joints are 
‘nforced by welded on sleeyes. Headers are fabricated from stock pipe and fixtures 
the river crossing site. Hie roll welded sections are bell-hole welded* then the ditch 
filled in. 
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Pipe Line Repair 

The life of pipe buried in the earth depends upon several factors. 
First, how well the pipe is protected from contact with the medium 
surrounding it by means of paint and wrapping. Second, upon the 
corrosive properties of the medium surrounding the pipe. Under 
ordinary soil conditions, steel pipe that is properly protected usually 
lasts twenty to thirty years before replacement or reconditioning is 
necessary. However, because the corrosive properties of soils vary so 
widely, even along the same pipe line, many maintenance departments 
find it advisable to carry on a systematic program of leakage tests, 
inspection and repair at all times, regardless of the length of service 
of the lines. 

Various methods are used today to reclaim corroded pipe and in 
most cases the reconditioned pipe line is made as good as new, at 
substantial savings over replacement cost. 

Repair of Oil Lines Under Pressure. — Ordinarily, oil lines can be 
reconditioned by means of arc welding without interrupting the service 
of the line. The line is kept operating under normal pressure, avoid' 
ing shutdown losses and, moreover, precluding the possibility of gas 
pockets which might be encountered in an empty or partly filled line. 

First, the line is dug up, a section at a time (see Fig. 1350). 
Sections ranging in length from a few hundred feet to a mile or two 
are uncovered at one time, depending upon the length of the line 
to be reconditioned, the terrain, etc. On long lines where a mile 
or two of pipe can be raised at one time, several crews of welders 
can work on that section. 

All dirt, rust and scale are then removed from the pipe. One 
type of cleaner is a device which wraps around the pipe and by hand 
operation is rotated and moved along the pipe, scraping off all foreign 
material. (See Fig. 1350). Where long sections of line are uncovered 
and are worked on by several crews, a gas engine driven cleaning 
machine which rides on the pipe is generally employed. To insure 
the pipe being perfectly clean it is often washed with gasoline after 
the scale and rust have been removed. 

Careful inspection, aided by a pointed hammer, reveals the pits 
and corroded areas. The inspectors employ special gauges used for 
determining the depth of the corroded areas. If the pit is deeper than 
10% to 15% of the wall thickness, it is repaired. Pit holes are chalked 
by the inspector. 

If the chalked pit holes are not too numerous they are filled in 
with weld metal by the welder. Care should be taken in welding 
pit holes so as not to bum through the pipe or maintain the arc for 
an undue length of time at any one spot. However, since the welding 
arc works fast and the heat is soon dissipated, there is little possibility 
of danger with this welding process. Pit holes filled in this manner 
vary in size up to areas of almost a square foot. Often more than one 
layer of weld metal is required to bring up the corroded spots flush 
with the pipe, %-mck mild steel shielded arc electrode (or % e rinch 
size for overhead welds) is generally used. 
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Corrosion of the pipe is usually three to four times as bad on 
the bottom of the pipe as the top half. Because of this, most companies 
turn the pipe over (by unscrewing 180° in coupling) so that tine old 
top will be the bottom of the line when it is relaid. This is done 
where the old screwed couplings are to be welded to the pipe and 
especially in cases where the condition of the pipe is bad and where 
there are not too many bends. 

Where corrosion is more extensive it is usually advisable to weld 
on sections of new steel either half way or all the way around the 
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worn pipe. Following is the procedure used by one large oil company. 

Half -soles are cut in any desired length from new pipe of the same 
diameter sue as the pipe being repaired, or are rolled to proper shape 
from new steel plate about 34-inch thick. These are then clamped 
(see Fig. 1350) and tack welded in place. The clamp is then removed 
and the half "sole is lap welded along both longitudinal and girth seams, 
providing a jacket that is permanently tight. 



Fig. 1351. R#pcdr at a pipe Joint In 10-inch oil lino. Holi-sole is welded over coupling 
as shown. Note section on right has been hali-soled all around. Section on left has 
the lower hall hali-soled. 


If there are leaks in the old pipe through which oil is escaping, 
a cardboard gasket may be placed over the hole and the half-sole plate 
is then fitted over the gasket so as to shut off the oil until welding 
is completed. 

Two beads are recommended for these welds. The first bead is 
run with % 2 'inch mild steel shielded arc electrodes. The second bead 
is made with Yi^inch or J4dnch electrodes. A combination of these 
two beads gives a permanently leak-proof joint. The girth welds (ver- 
tical and overhead) are usually made with % 6 -inch electrode. 

If pipe at collars or couplings is not in very bad condition, showing 
only minor leakage, both sides of the collar can be lap welded to the 
pipe. These girth welds are usually made with % 6 -inch electrode. 

When leakage conditions at collars are bad, the collar is usually 
jacketed with steel half-soles, cut from new pipe. 

After the line is reconditioned by arc welding, a protective coating 
of paint is usually added, and in some instances the line is wrapped 
for further protection. It is then re-laid in the ditch and covered. 
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H*. 1351, Reconditioning 25 miles ol 16-inch main gas line In ce ntral Ohio. The main steps illustrated are discussed in the text. 
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Repair of Gas Lines Under Pressure. — Many of these natural gas 
pipe lines are repaired in operation with full pressure on, with a 
procedure like that used in the case of oil lines as discussed above. 
Welding under pressure is considered more safe than welding a line 
that is full of gas without pressure because under this latter condition, 
explosive mixtures of gas and air might be encountered. 

Where small leaks are encountered, a quick bead can be run over 
the leak to stop it, then a permanent weld made. If the leak is bad, 
a patch with cardboard jacket should be clamped to the pipe and then 
welded around the patch. As a precaution, it is advisable to have 
a shovel-full of loose dirt and a gas fire extinguisher handy when 
welding under leaky conditions. 

Repairing Gas Lines Out of Service. — Many companies find it 
necessary in repairing gas lines to recondition their couplings as well 
as the pipe. In a case such as this, where the line is given a complete 
overhaul, service on the line is naturally discontinued. There are two 
general practices used in reconditioning lines in this manner. 

Some companies do their reconditioning work at a central plant; 
others do this work along the pipe line right-of-way. The procedure 
used in each case is practically the same. Where the central plant 
method is used, the worn sections of pipe are usually replaced with 
new or reclaimed pipe as soon as they are removed, thus requiring 
a stock of replacement pipe. See Fig. 1353. 

The procedure used by a large gas company in a complete overall 
reconditioning job with all work done along the right-of-way is illus- 
trated in Fig. 1352. The particular case is that of a 16-inch line, 25 
miles long, originally laid in 20-foot lengths, joined by couplings, about 
twenty-five years ago. The steps illustrated are: 

1. After ditch was dug, pipe was lifted out and supported on 
timbers over ditch. 

2. Coupling bolts were torch-cut and pipe was rolled away from 
ditch. 

3. Pipe cleaning crew with hammers and chisels removed earth 
and rust scale. Corroded spots were well cleaned to expose 
sound metal. 

4. An inspector chalk-marked all corroded areas which were to 
be built up with weld metal. 

5. Four 20-ft. pipe lengths were joined into one 80-ft. section. 
Joints were plain end butt type with back-up ring. The pipe 
was lined up and tacked as shown. 

6. Mounted on dollies, the pipe was roll-welded with two passes 
of %$-lnch Type A mild steel shielded arc electrode, averaging 
3 joints per hour per man. Each section was stress-tested ana 
drop-pressure tested. 

7. Corroded pits were filled in with % 6 -inch Type A mild steel 
skidded arc electrode. 

8. Fflled-in areas varied in mzt from small spots to large patches 
a ' foot square. 

9. Majority of line was rehid without protective coating. It is 
da&df that the reconditioned line is in better shape than the 
original when new. 
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Fig. 1353* Reconditioning g as line pipe . Top view shows the chipping out ot pin 
holes and marking with chalk. Center view shows operator filling in the pits with weld 
metal. Bottom view shows the reconditioned pipe being tested under pressure with 
soap suds. '■ ■■ : _ 1 1 
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Repair of Other Kinds of Pipe Lines.— While the above procedures 
are those used generally for oil and gas lines, arc welding can be 
applied for substantial savings to the reclamation of pipe lines carrying 
other substances. The procedure would then be varied in accordance 
with the nature of the substance and the type of pipe line used. 

On a 10-inch gasoline line reconditioned in the Mid-Continent 
field (Fig. 13J4), the pipe was all welded with the line operating 
u nder full 600 pounds pressure. Areas which were badly corroded 
were half -soled as outlined for the oil line in previous paragraphs. 
Where corrosion was spotty, the pits were filled with weld metal. 
In order to minimize heating of the gasoline where pits were deep, 
they were covered with one or more lengths of bare rod, tack-welded 
across the pit and then welded over as shown in Fig. 1354. 


Pipe Lines (Water) 

As in the case of oil and gas lines, arc welding assures permanently 
tight, leak'proof joints which are stronger than the pipe itself. A large 
number of water lines and penstocks in sizes up to 20 feet diameter 
have been field welded by the shielded arc process. The type of welded 



Tig. 1355. Welding on the outside seam of a bell and spigot Joint in a 31-lnch 
feeder line of the Colorado River aqueduct system. This line has a heavy protective 
layer of reinforced concrete outside and inside. The girth Joints are also welded on 
the inside. Fabrication of this pipe is illustrated in Figs. 1321 and 1322. 
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joint used in water lines depends upon the size and thickness of pipe 
and the operating pressure of the line. In the smaller size lines (up 
to 36tin. to 56tin.) the bell and spigot type joint, welded from the 
outside only is used. Larger size lines such as the 51 'inch line shown 
in Fig. 1355 have bell and spigot type joints which are welded both 
inside and outside. Often, too, lines such as shown in Fig. 1356 of 
large diameters have plain butt joints with reinforced band which 
is welded on both ends. Here too the joints are beveled and welded on 
the inside. 

Because of the large diameters used in water lines, rolhwelding 
is impractical. The circumferential joints are made as in the case of 
bell hole welding, joining sections which are relatively short. For 
example, in the construction of the 51 'inch line shown in Fig, 1355, 
bell and spigot type joints are used, welding inside and outside, join' 
ing 30'foot sections. In this case, the pipe is protected against corro' 
sion inside and outside by a coating of reinforced cement which brings 
the total weight of each 30'foot section to approximately seven tons 
(three tons of which is steel pipe). 

The following table gives data pertaining to the welding of girth 
seams for large diameter pipe used in the construction of siphons. 


Lsnjfth 

Siphon 

Diam- 

eter 

Plate 

Thickness 

W 

Inside of Girth Joints 

Outsidie of Girth Joint 1 

How 

Welded 

Current 

Lbs. Rod* 
Per Joint 

How 

Welded 

Current 

••Welding 

Speed 

8000' 

84* 

84* 

84* 

1/4* 

6/10* 

3/8* 

Square Butt 

* « 

Manually 

M 

M 

38V250A 

ft u 

ft ft 

8X Lbs. 

« « 

! 

1" 

34V350A 

35V400A 

38V0OQA 

L32Ft./Mb 
« « « « 

■ « « « 

2800' 

81* 

5/14* 

« # 

ft 

ft ft 

6 Lbs. 

« 

35V400A 

« « a « 

1800' 

62* 

82* 

82* 

1/4* 

6/10* 

3/8* 

ft ft 

ft ft 

ft 

ft 

ft 

ft ft 

ft ft 

ft ft 


« 

« 

ft 

ill 

« « « « 

it « « « 

« « a « 

1000' 

111* 
111* 1 
111* 

1/4* 

6/10* 

3/8* 

ft * 

ft « 

ft « 

ft 

ft 

« 

ft ft 

ft ft 

ft ft 

r.o Lbs. 

ft ft 

ft ft 

« 

« 

ft 

84V350A 

85V400A 

88V0OOA 

« « > ft 

« « a « 

ft « « « 

300' 

1 

1/4* 

6/10* 

3/8* 

m a 

ft ft 

ft ft 

ft 

ft 

ft 

ft ft 

ft ft 

ft ft 

6.0 Lbs. 

ii « 

« « 


34V350A 

36V400A 

38V600A 

ft « n « 

ft a ii « 

« « m « 


*Indudes Tick Welding. . , . . 

pipe was let to rotate at about the same speed, that is, 1.32 feet per minute for 
all with the automatic welder, the depth of penetration of the weld 

controlled by the current. The current setting was about as shown in the table. 


Various water line installations are shown on the following pages. 
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Fig. 1356. A 108-in. water supply line with butt welds reinforced by a steel band 
shown. Girth seam is welded inside and outside. 


Fig. 1357. Arc welded water line of 90-in. diameter. Joint is plain butt welded inside 
and outside and reinforced by a band over the outside of the joint as shown. 





' 


» i 
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Fig. 1361. Shoshone River 
with a record-breaking 150-ft. 
The plate thickness varies from 
two points of support. The 
when the siphon is full of 




f, A<: 


Fig. 1362. An lc« Jam in the Rockies caused the wash-away of earth under this 
85-inch water line# causing the pipe to drop as shown. Inset photo shows close-up at 
plain butt welded Joint. It crumpled but It did not crack. 


MS. Kira erasing at dU-IUratam cancd oOTiprijlng two plpw ^ach is^i «- 

sstzstz 5^s ssjas. ■sasaryttajajfts 

^JadVwith Type A and Type C (deep grow) mild steel shielded arc electrodes. 
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Fig. 1364. Buck Springs Creek siphon in Wyoming. Total length i* 3488 ft. with 
3238 ft. of welded steel pipe and 280 ft. of concrete pipe and transitions. Diameter i* 8 
ft. 8 in. Plate thickness is " and 3 /s". Pipe was shop fabricated in section* 20 ft. 
long. The siphon has stiffeners and rocker supports at 40 ft. centers. 


Piping 

Hundreds of miles of piping systems welded in shop and field have 
been installed in office buildings, hospitals, schools, industrial plant®, 
power houses and ships. Central heating plants also distribute their 
steam many miles through mains installed by the electric arc process. 

The advantages of arc welded piping systems include permanently 
tight connections of greater strength and rigidity, less resistance to 
flow due to elimination of projections inside the pipe, more pleasing 
appearance, easier and cheaper applications of insulation, simplification 
of design due to flexibility of design of fittings, and elimination of 
many fittings required by mechanically connected systems. 

The illustrations shown on the following pages bring out these 
advantages. 

The following procedure information on the arc welding of piping 
is based on the experiences of many fabricators and contractors. 

The chart in Fig, 1365 provides easy reference for obtaining the 
amount of electrode and time required to butt weld pipe in a horizontal 

position. I • ; ■* i* e* r * ** 



a 4 <3 8/0/2. /4 

' m PIPE'- /NCHES 

Fig. 1365. 


The following table and Figs. 1366 to 1368 contain procedure data, 
speeds and amount of electrode required for welding butt joints in 
standard weight pipe in horizontal position. 



Tiq. 13S8. 
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Size of Pipe 

Beads 

or 

Passes 

Elec- 

trode 

Size 

Current 

Amps. 

Min. 

Arc 

Volts 

Arc 

Time 
Min. Per 
Joint 

Lbs. of 
Elec- 
trode 
per 
Joint 

Dia. 

Thickness 


■Hi 

1 


120 


■ 



.154* 

2 

J6' 

140 

25 


.35 

Fig. 1366 


1 


120 




3' 

.216' 

2 

*6' 

140 

25 

I 

.44 



1 

J6' 

120 






2 


160 

25 

9.0 

.64 



3 






Fig. 1367 


1 

m 

120 




5' 

.258' 

2 

KM 

160 

25 

11.3 

.81 



3 

■H 





Fig. 1367 


1 


120 




6* 

.280' 

2 


160 

25 

13.5 

.96 



3 






Fig. 1367 



■■ 

150 




8* 

.322* 



170 

25 

17.8 

1.33 




MB 





Fig. 1368 


i 






10* 

• 365* 

2 


150 

25 

22.0 

1.65 



3 


170 






4 






Fig. 1368 


1 






12* 

.375* 

2 


150 

25 

26.5 

2.0 



3 


170 






4 






Fig. 1368 


1 






14* 

.375* 

2 


150 

25 

31.3 

2.3 



3 


170 






4 







Pipe above 12" diameter may be obtained in a great many different 
thicknesses of wall. Inasmuch as pipe is being used in these larger 
diameters for high pressure, high temperature service, and the methods 
at the present time are not particularly standardised, the following 
tabulation will indicate the number of passes to be used for the various 
pipe thicknesses: 


Pipe 

No. 

Thickness 

Passes 

A" 

3'4 

H" 

4-5 

Yh 

6-8 

Va” 

1M4 

l" 

13-16 
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The electrode size will be an -d Vie"* depending upon the 
particular design, the load conditions to be met and the specifications. 
For example, on 14" pipe, % 6 " electrode is used for passes, whereas 
in case of very high pressure work the % 2 " is used for the first passes 
and for the following passes. 

The time taken to make the various types and sizes of pipe con* 
nections depends upon the design requirements. It may be a matter 
of from one-half to three-quarters of an hour on 14" pipe, up to 
several hours in the case of a larger diameter pipe having greater wall 
thickness. 




( 1 ) ( 2 ) 


For Type u A” and “B m Welds 



Edge 

Preparation 

A 




E 

F — Approx. 
Width of 

Thick- 

ness 

Fig. No. 

(Inches) 


c 

D 

(Inches) 

Weld 

(Inches) 

of 

Type 





Total 

Ap- 




KwrnH 

Pipe 

(Inches) 

“A” & 


With 

Without 


Angle 

prox. 

(Ins.) 

With 

Without 



44 B” 

Back-up 

Back-up 

Back-up 

Back-up 


■ ITt ■ 

Weld 

Weld 

Ring 



Ring 




Ring 

Ring 


BH 

H 

1 

3 

H-% 

%± l A 

% Max. 

90° 

% 

K~ % 

m 

A 

% 

H 

% 

K 

1 

3 

H-% 

%± l A 

14 Max. 

90° 


H- % 

A 

$ 

X 

1 

3 

H-% 

%± l A 

%± l A 

90° 

% 

H-% 

%±% 

§ 

% 

1 

3 

H-% 

%± l A 

%± l A 

90* 

H 

«- h « 

%± 

A 


8 

1 

3 

H-% 

%± l A 

%± l 4 

90* 

H 

H- l % 

i %± 

A 

ivS 

1 

3 

H-% 

%± l A 

%± i a 

90* ! 

H 

H- l % 

\%A + 

A 

t% 

1% 

8 

1 

1 

3 

3 

H-% 

H-% 

%±% 

%±% 

m 

90* i 
75* ! 


l - l % 

H-'% 

IU,+ 

i%± 

i 

i% 

i% 

l% 

l% 


1 

3 

H-% 

%±% 

%± i 4 

75* i 

% 


H± 

A 

IH 

IK 

1 Vff 

2 

4 

H-% 

%±% 

%± { a 

Mod.V 

% 

TA 

X±' 

l %±' 

<A 

id 

1 

3 Z 

2 

4 

H-% 

%± l A 

%± l 4 

Mod.V ! 

*Z 

A 

1 % 

H 

2 

4 

H-% 

%±% 


Mod.V 

% 

%- H 

Hi’ 

A 

IK 

id 

l 

2 

4 

H-% 

%±% 


Mod.V ; 

7m 

K-'% 

l %± 1 

A 

l % 

1H 

2 

4 

H-% 

%±'A 


Mod.V 

% 

l k-i 1 

Hi' 

A 

1 X 

IK 

IK 

2 

4 

H-% 

%±% 

%±% 

Mod.V | 

% 

tt 

i -i%\ 

1 %± 

A 

VA 

1% 

IX 

lK 

2 

2 

4 

4 

H-% 

H-% 

%±% 

%±% 

m 

Mod.V 

Mod.V 

1%-lH 


4 

& 

\ i% 

XX 

x% 

IH 

2 

4 

H-% 

%±% 

%± l Z 

Mod.V 

8 



A 


IK 

l K 

2 

4 

H-% 

%±% 

%±% 

Mod.V 


t%±' 

A 


1% 

1 H 

2 

4 

H-% 

%£ Vi 

%±% 

Mod.v 

% 

1%-iH 

m± 

A 

i m 

1 H 


Types of Grooves and Their Dimensions for Circumferential Roll and Position Electric-Arc 
Butt Welds, Including Number of Layers or Passes for Carbon Steel. 













TYPICAL APPLICATIONS OF ARC WELDING 


975 


The amount of electrode metal used will depend upon the type of 
connection used, the scarfing or machining of the joints. 

The following table and sketches give the weld and groove specifi" 
cations used by a large fabricator of pipe. 



Fig. 1373 Fig. 1374 

(3) (4) 


For Type u C” Welds 



Type A — Welds In 
which the axis of 
the pipe at the joint 
does not deviate 
from the horizontal 
by more than 30 # 
and the pipe is ro- 
tated so that the 
welding may always 
be done in an ap- 
proximately flat 
position. 

Tot B — * Welds in 
which the axis of 
the pipe at the joint 
does not deviate 
from the horizontal 
by more than 30* 
and the pipe is not 
rotated so that th« 
welding must be 
done in & combina- 
tion of the flat, ver- 
tical, and overhead 
position. 

Type C — Welds in 
which the angle be- 
tween the axhi of 
the pipe at the joint 
and a horizontal 
plane exceeds 80* 
so that the welding 
fa done in a combi- 
nation of the hori- 
zontal and overhead 
position. 


Type* of Groove* cmd Their Dimension* fox Circumferential Roll and Position Electric- Arc 
Butt Wolds* Including Number of layer* or Passe* for Carbon Steel, 
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For rolling welds, see the data under “Pipe Lines (Oil and Gas),” 
Pages 950 to 954. 




flsr* 1370. Branch connections are 1 easily made by shielded arc welding. This 
connects to a power plant line operating crt 650 lbs. pressure and 850* T, 
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Fig. 1377. Two 42-inch curved linos lor blast gases running Into the Inlet of a waste 
heat boiler. 


f - • 




i tmm ■ » , 

i«/o. typical * 
tfioii oi drip piping. 


CwOTi Cm VmM 

w <my i 


lot s m all piping. J& power plant 
connections care amlded. 
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Fig. 1379. An application of arc welded steam piping involving close quarters. Here 
arc welding cuts installation time. 



Fig. 1380. An arc welded anchorage for an arc welded 300-lb. warehouse steam 
line. Built from channels and shape/ cut and assembled on the Job. Shows the vefv 
satility of arc welding. 
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Pit* im k k Hw>« wiw< cost an espe ciall y l aw wbvn T con- 

nection* or* «neeflsN<td. Tho insulation can be cut with a knife to Hi the T. Cementing 
and patching an sol required. This welded piping installation Illustrate* Ibis point. 


Fig. 1381. Insulating a 6-in. arc wsldsd steam line. Absence of couplings in the 
line makes it possible to fit standard asbestos covering without cutting around and 
cementing at the Joints, saving half the time formerly required. 
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pf; 


iiiiiai 


liflilllll 


Fig. 1383. Part of arc welded piping system in an apartment house. Total length 
of piping 6.000 ft. varying from 2-in. to 12-in. Working pressure of steam line is 185 lbs. 
Contractor saved three to four times the price of his welding machine over any other 
method of welding or fabrication. 


Fig. 1384. Arc welded piping installation. Part of an air conditioning system In an 
8-story department store. Total of 3j400 ft. of pipe ranging from 10-In. to l%4n« all 
arc welded. 
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Fig. 1385. All arc welded 36-in cooling water line in a ■team power plant. 






Fig. 1387. Two 16-in. vertical header*, branching off from 36-in. under-ground line 
and reducing to six 8-inch lines serving spray nozzles in a forced draft cooling tower. 

Piping for High Pressure and High Temperature Systems . — When 
pressure and temperature are both high the advantages of welding 
are noteworthy. In fact, welding is said to have made possible the 
use of the high pressures and temperatures now common, resulting in a 
material increase in efficiency of performance of piping systems. The 
welded joint is of exceptionally high quality (see Page 262) permitting 
high operating stresses and thinner sections. 

Because of these facts it is necessary that these pressure systems 
be well designed (see codes Page 132). Stress distribution should be 
given consideration for both the usual and unusual conditions such 
as expansion, contraction, external restraint or loading of pipe. 

Stress relieving is immediately thought of. However, it should be 
kept in mind that residual stresses are not necessarily added to the 
stresses caused by pressure or bending. The thousands of welded 
high-pressure pipe joints which have not been stress relieved and which 
are now in service, attest the fact that stress relieving may not be 
required for perfectly satisfactory service. 

As to temperature, the metal (both base and deposited) should 
operate at high temperature — 800° to 1,000° F. Creep and impact 
characteristics must not be seriously impaired at these high tem- 
peratures. 

Every day welded joints are being made for operation at high 
temperatures and high stresses which have high quality, high strength, 
ductility, impact values and creep values well within the usual limits. 

Pipe Joint Layout . — One of the requirements in connection with 
the field work of laying out a piping, system of any size or kind is 
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an easy, accurate, inexpensive and quick method of laying out the 
various types of joints. 

There are several methods which may be used, these methods being: 
(1), the use of a fixture; (2), the use of templates cut to accurate dimen- 
sions; or (3), method whereby the intersection may be laid out on a 
pipe directly from curves or data. Before considering these various 
methods in their order, it is well to note that on all the drawings, and 
throughout this entire discussion the actual intersecting line on the ex- 
ternal surface is the line given and that it will be necessary to take 
into consideration when cutting the pipe, the type of joint. If it is 
beveled, obviously the intersection line will, of course, be in the center 
of the bevel. Reference to Fig. 1388 will illustrate this point. Fig. 
1388 shows a 90 degree ell. The cutting line is shown dotted and the 
intersecting line is shown full. It is evident from this that when the 
pipe is being cut, it will be necessary for the operator to take into 
account the kind of scarf to be made and to make allowance for this 
in cutting the pipe to the proper shape. Where it is not necessary 
to scarf, of course the pipe is cut directly on the intersecting line marked 
on the pipe. 



(WLfiZGED ) 

Fig. 1388. 


The first method given, that is the method using a fixture, is an 
exceedingly ample method and can be used in practically all cases. 
It involves the construction of a suitable fixture, such fixture being 
indicated in Fig. 1389. This consists of a flexible strap of rather thin 
material long enough to encircle the pipe and fitted with damps at 
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either end to hold it firmly to the pipe when tightened, or to permit 
the movement or removal when loosened. To this strap a number of 
smaller clamps are welded at suitable distances apart. A satisfactory 
number should be selected so as to enable a definite smooth curve to 
be drawn through the determined points. These small clamps can 
be square pieces of metal with a hole drilled and tapped and fitted 
with a setscrew. At right angles to this is another hole through which 
rods are passed, these rods being parallel to the pipe’s center. The 
setscrew locks the rods in any desired position when tightened or 
allows the rods to be moved forward or backward. 



To use this equipment in laying out a connection as illustrated 
in, for example, Kg. 1389, the strap is clamped around the one pipe 
so that the ends of the movable rods in the clamp may touch the 
other pipe to which the connection is to be made. Both pipes are 
then held in the desired position in relation to each other. The rods 
are then moved until the end of each rod touches the pipe to be com 
nected. When the ends of all the rods touch this pipe, they are then 
clamped in position by means of the small setscrews. The curve formed 
by the rod ends thus simulates the curve of the wall of connecting pipe. 
The strap holding the assembly to the pipe is then loosened ana the 
assembly is moved back along this first pipe until the end of the rod 
which projects the farthest is just flush with the end of the pipe to 
be cut The line to follow in cutting the pipe is then indicated by mart 
mg on the pipe at the end of each rod. This done, the damp is 
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removed, the curve completed, and the pipe is cut as indicated. For 
the other pipe the same process is used of connecting the points marked 
by the end of the rod. In some cases it may be desired when using 
this method, to form a template. To do this the strap may be laid 
out flat on suitable material and a template drawn. This fixture per' 
mits the laying out of special connections for practically any size of 
pipe. A single fixture can be used or several can be joined together 
to provide the necessary length to encircle the pipe. It is advisable, 
therefore, to have this fixture in several sections so that various pipe 
sizes may be fabricated. However, where one size of pipe is being used 
in connections of varied intersections, a single fixture affords an easy 
and practical means of laying out the connection, produces a fairly 
accurate intersection for practically any type of pipe joint and is not 
expensive. 



The second method, that is the method of using templates, gives 
the operator an exact curve that can be placed around the pipe's ck' 
cumference to indicate the precise cutting curve. Fig. 1390 shows 
the various templates for different size pipe for 90 degree, 60 degree, 
45 degree and 30 degree ells. To use this method, a circumference 
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is drawn on the pipe at a suitable distance from the point of inter' 
section. A duplicate of the proper curve is then taken from Fig. 1390, 
this, of course, depending upon the pipe size and the angle desired. 
A template is then made and placed around the pipe in the proper 
position, on line CD at right angles to circumference. The template 
covers only one^half of the intersection circumference. The purpose 
of this is to prevent misalignment due to variation in pipe circum" 
ference. The variation is taken at two opposite points on the diameter 
of the pipe and the variation occurs at the points where the curve 
is flat and is therefore of no great importance. Reference to Fig. 1390 
will indicate how this is done. It should be noted that the scales of 



circumferences in inches are given with each group of graphs. This 
will enable the operator to approximate any template for any one of 
the given angles. By using the curve for the proper angle and finding 
the circumference of the pipe and laying this out in accordance with 
the scale indicated for this angle connection, a curve may be drawn 
lying between the two other curves that are similar in shape. The 
template may be used on any pipe regardless of its thickness, as the 
data are given for the outside circumference and, in addition to that, 
the use of one^half of the pipe permits any variation to come at a point 
where the curve is flat and therefore not of any great consequence. 

The same method is used for tees, templates for which are shown 
in Fig. 1389 and Fig. 1390. 

The third method, that is the laying out of joints by means of 
special curves, possesses great advantages, particularly in the field where 
special joints are being made. It is faster than the template form and 
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the only equipment needed is a string and a piece of chalk, with 
perhaps a ruler or scale. It is, of course, necessary to have the master 
drawing (Fig. 1391). This one drawing will serve for 90 degree, 60 
degree, 45 degree and 30 degree ells for any size of pipe. The general 
method of application of this curve is to place the string around the 
pipe and then to divide the string into a half, quarter, eighth, etc., 
obtaining equal points of division around the given circumference of 
the pipe for 16 points. Suppose for example, that the operator desires 
to make a 60 degree ell on a certain size pipe and that he does not 
know definitely the pipe size. The first step is to find the circumference 
of the pipe by means of a string wrapped around the pipe. While 


oSV oQ£ o$V c 0 £ c9V „0£ o£17 «0£ „0G 

y «oi „9 „9 ja >9 ,01 Jr ,21 



GO* 30* 60 * 90 * GO* 90 * GO* 90 * GO* 30* 

templates m diameters other than showh may be obtained by drains a hew curve 

PARALLEL to NEAREST GIVEN DIAMETER AND PROPORTIONED FROM THIS GIVEN CURVE, 
rig. 1392* T«ttplcrt«* gir« an axact cutting lino lor oils ol 90, 60, 45 and 30 dog. 


doing this it would be well to mark off a circumference on the pipe 
at the proper distance from the ends. The circumference is then 
divided into two equal sections by doubling the string. By repeating 
this process of doubling until sixteen parts have been obtained, an 
easy means of dividing the pipe into sixteenths is procured. These 
marks are placed around the pipe. 
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1393. With a piece oi string, a ruler and this chart, ells can he laid out rapidly by using the eight measurements shown. 
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Suppose for example, that no measurement is available. Then 
the string which has been placed around the pipe and from which 
the circumference has been obtained is doubled and placed along the 
drawing at a point marked zero. Supposing the distance is just thirty. 
At this point the string (or ruler if preferred) is placed at right angles 
to lower border of the drawing and this line intersects on the eight 
diagonal lines on the graph. Then, the distance to the top line, that is, 
to intersection A, is marked off on a paper or measured by the string, 
and this distance is then carried over to the column marked 60 degree 
ell, and we find this to be five and one-half inches. This point is then 
marked off or measured off by the rule at one of the sixteen points, 
the dimension being made perpendicular to the circumference. If no 
scale or rule is available, the length may be converted to inches by 
using the 90 degree ell scale, which is full size and in this way obtain 
a measurement of the point number eight. The same process is then 
carried out on points seven, six, five, four, three, two and one, these 
being laid out in order on eight of the sixteen points, the dimensions 
being made perpendicular to the circumference on the pipe. It should 
be noted that inasmuch as this is a symmetrical curve, it is relatively 
easy to start with one line perpendicular to the circumference which 
might be termed the zero line and mark point eight on both sides 
of this; then point seven on both sides of this, then six, and so forth. 
By continuing this process through all eight lines, the sixteen points 
on the pipe surface that represent the cutting curve, can be obtained. 
When connected, these points give the curve on the surface — which 
is the intersecting curve — and guide the operator in scarfing as in- 
dicated in the first part of this discussion. 

The same process is applicable to the cutting of any of the other 
angles as shown in the group of scales at the left of Fig. 1086. The 
method is convenient, covers any size diameter up to 16 OD or a little 
larger, on this particular graph. It permits the construction of the 
curve on the pipe with a minimum of materials and labor. 

A more general application of this method is shown in Fig. 1394. 
This gives a graphical means of determining the layout of pipe 
intersections for any angle of ell type of connection. As in the method 
just outlined, the sixteen distances are found and are located as in- 
dicated previously by means of measuring the circumference of the 
pipe with the string, doubling it, repeating the process until it has 
been divided into sixteen parts. Then, the method is as follows: 

Assume for example, that we desire to lay out a 45 degree ell on a 
ID-inch pipe. Then at 45 degrees as at A, we get the intersections of 
the lines one to eight inclusive. These we will refer to as ratio lines. 
The points of intersection of this line A-8 with lines one to eight, 
are projected at right angles to the ratio line and continued until 
they intersect the line for 10-inch pipe diameter. Then, by progressing 
downward on the graph, the dimensions are obtained. Then they 
are kid off in the same manner previously applied. 

Although this is rather simple, it is superior to the preceding one, 
in that it affords a means of determining ell cuts for any degree of 
bend. It is important to note that the pipe diameters are the external 
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Fig.' 1334, 
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diameters and that the intersections are for the actual intersection line. 
Of course, additional information can be added to this drawing by- 
reference to Fig. 1393. 

Templates for a one-to-one ratio tee connection, that is, where 
both pipes are of exactly the same diameter, are shown in Fig. 1391 
and Fig. 1392. These templates are drawn so that tee templates may 
be added between the given curves for any size desired. It is relatively 
simple to draw a curve between any two curves at the proper point 
of a given scale, the curves being similar to the curves shown. It is 
to be noted that these are for a one-to-one ratio, that is, for pipes of 


BRAMCH PIPE 5IZE5-3TD. (INCHES) 



Fig. 1395. 


the same diameter. However, when the ratio of pipe diameters is 
different, that is, not one-to-one, the problem of laying out these 
intersections is somewhat more difficult. 

On Fig. 1395 and Fig. 1396 intersection curves are given for tee 
connections for any ratio of pipe diameters. Fig. 1395 and Fig. 1396 
are similar in graphical form to what has been indicated for the ell 
connection. As shown on the templates, each half development is 
made np of two similar curves, hence only four points or lines are 
shown. The four curves show points for one-fourth of the pipe cir- 
cumference. As in the case of the ells, the branch pipe is divided 
into sixteen parts, the four points giving values for one-fourth of 
the pipe. 

For the branch pipe the method of layout is the same as for 
the eQs. However, for the main pipe, the method, while being simil a r , 
is not exactly the same. 
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Wmo OF DIAMETERS 
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Reference to Fig. 1397 will show what is meant by the intersecting 
diameter. It is the diameter of the branch which lies on the main 
pipe and is parallel with the center line of the main pipe. This inter- 
section diameter is located on the main pipe at proper position. 

Curve, Fig. 1396, is used where the intersecting diameter of the 
branch is drawn on the main line. This diameter is divided equally 
into eight parts and the four points, one, two, three and four, are 
used as shown in Fig. 1397. The actual measurements may be taken 
from the graphs as they are full size. It should be noted that all 
measurements in this graph are on circumferences of the main pipe, 
that is, on lines at right angles to the intersecting diameter. 



LINE A B IS INTERSECTING! P1PJ*VE.TE.R 

Fig. 1397. 


Pulp and Paper Mill Equipment 

The extent of arc welding application in the modem pulp and 
paper mill is illustrated in the case of a 150-ton pulp mill built recently 
in Southeast Texas. In the first place, plant equipment and structures 
built by other manufacturers and contractors are largely of welded 
steel construction. This equipment includes large storage tanks, mill 
machinery, smoke stacks and many structures. During construction 
of the mM, approximately twenty arc welding machines were in con- 
stant nee meeting Steam lines, water lines, stairways, conveyors, mill 
frame erode, machine and motor bases, machine guards, cutter boxes, 
stainlm steel chutes^ racks for electric conduit, etc. Since the mill 
has been in operation, four arc welding machines have been used 
for and construction applications. 

The following illustrations show typical arc welding applications 
'fa this modem asM. 







Pig. 1399. View of the section of the mill where considerable mechanical operations 
are involved. Storage tanks and bins for lime, water and other chemicals are of welded 
steel construction to provide permanent tightness of joints and maximum resistance to 
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Fig. 1402. Replacing the Inner wall of smelter blow nozzles by arc welding. These 
nozzles are subjected to severe corrosive conditions caused by combination of high heat 
and caustic chemical. The inner wall is being replaced with a section of wrought-iron 
pipe welded In with three passes of 3/ 16-inch mild steel electrode. 



Ftg. 1403. When log chipper chutes are broken due to fatigue from severe and 
constant vibration, a new lower section, cut from high tensile steel, is gelded In as 
shown In the sketch. The irregular line of the weld Is claimed to bo stronger than a 
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Railroad Equipment 

Great strides have been made in recent years in the application of 
welded steel to the construction of railroad equipment. Of special note 
is the use of low-alloy, high-tensile steels with welded fabrication, 
resulting in minimized dead weight and increased economy of opera- 
tion. In these designs, arc welding plays a prominent part. See 
Fig. 1405. 



Fig. 1404. Arc welded cab on electric locomotive. 


Not only is arc welding being used extensively by the builders 
of railroad equipment but it is used widely by the railroads themselves. 
In fact, the railroads have always been one of the largest users of 
electric arc welding. In the boiler shop, arc welding is used to add 
new side, crown, door, throat and flue sheets as well as flues and 
thermic siphons. Since high ductility, density and strength are re- 
quired throughout the boiler, most of this welding is by the shielded 
arc process. 

Shielded arc welding is also used to a great extent in locomotive 
shops in the repair of frames, wheels, cabs, etc. The cab shown in 
Kg. 1404 is of all arc welded construction. Cracked frames (see Fig. 
1417) and rims and spokes of wheel centers are also arc welded. Worn 
rims are also built up by the manual and automatic arc welding 
processes. Where more than one hundred sets per year are to be 
refaced, automatic shielded arc welding is recommended for maximum 
economy. 

Railroad machine shops, too, employ arc welding for a wide variety 
of maintenance applications. Much of this work consists of the build- 
ing up of worn surfaces of parts such as cross head guides, driving 
boxes, link sections and parts, shafts, brake fulcrums, cams, coupler 
parts and guide bars. A few typical applications are illustrated in the 
following pages. 

Arc welding is also being used more and more extensively in the 
construction of locomotives (see Figs. 1404 to 1411). 

In die car shops, arc welding is used to apply reinforcing plates, 
bars or straps to weakened portions of the car body and underframe. 
Equaliser ends become badly worn after extensive service. These are 
built up to original dimensions by welding additional metal to them 
with the electric arc. 



JLjl:; 
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Fig. 1405. Popular Diesel electric streamliner locomotive under construction. Welded 
high tensile steel minimises weight per unit oi power output/ reduces cost enhances 
appearance and results in safer, more economical operation. 
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A large public utility company which owns and operates a great 
number of steel gondolas has completely rebuilt the underframes and 
bodies of many cars entirely by the arc. 

The arc welded hopper cars shown in Fig. 1414 and Fig. 1415 
illustrate construction that is typical of the thousands that are beinjg 
designed for arc welding. Note the smooth interior surfaces for efficient 
unloading of materials. 

Maintenance-of-way applications include the building up of worn 
frogs, crossings, switch points and rail ends. Welding machines for 
these applications are usually designed for easy derailing, and are 
either towed by a speeder or are self-propelled. 



Fig. 1406. Side seams being welded in lire box in the construction ol locomotives. 
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Fig. 1409. Locomotive ash hopper fabricated by the shielded arc process. 






Fig. 1410. locomotive cylinder for mountain type locomotive. Advantages: Excep- 
tional strength and rigidity with minimum weight. 


built in England. This cylinder has now 
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Fig. 1413. All welded locomotive tender. 
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Fig. 1418. A box car ol arc welded steel construction. Hie of low alloy high tensile 
Steel assures minimum dead weight and maximum pay-load capacity. 
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Fig. 1418. Tops 70-ton. quadruple hopper car weighing 54.000 lbs. The manufacturer 
builds between three and six cars per day. Lower left: Interior view showing smooth 
surfaces devoid of rust pockets. Lower right: End view of hopper car. 
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Fig. 1418. When the cast steel locomotive draw head shown on the left broke, it 
was replaced with the fabricated steel draw head shown on the right. The welded 
steel part was built complete in 16 hours. 



Fig. 1419. A set of locomotive holler flues welded to back flue sheet by shielded 
arc welding. The inset shows a test specimen with the welds on the lef&iand half 
made with bare electrode, and those on the right-hand half made with shielded arc 
electrode. The latter beads are denser and hence more resistant to corrosion. 
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Fig. 1420. Worn locomotive buffer casting after being built up by shielded arc 
welding. 



Fig. 1421. An aluminum Diesel engine bed repaired by arc welding, saving ap- 
proximately $1,100.00 



edges with 
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Fig. 1424. Reclamation of worn locomotive stoker screw flights. A metal strip is 
welded to the edge of the ■crew, then the face is hard-surfaced. 


: Fig. 142S. The 3-ft. crack In this cast iron locomotive cylinder was repaired 
welding. The crack was vee'd out and studded as shown on the Mb ! 


bf arc 
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Fig. 1426. Building up battered rail ends on the main line ol a Claes 1 railroad. 
The welder supplies electric power for welding and for grinding. 



' T\q. 1AZ7. The maintenance truck. Including a d.e. motor driven arc welder which 
to powered from the tro^ey, ebepMe* teach maintenance tor the electric railway ol a 
large eastern idly* 
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Rock Products Plant Equipment 

The very nature of rock products production is such as to call for 
extensive use of arc welding for maximum economy. In the first place, 
the average rock products plant is of more or less temporary location. 
For this reason, many operators find that they can erect their plant 
structures and install the necessary equipment at decided savings by 
cutting and welding at the plant site. This eliminates the expense 
of detailing, punching and riveting with the conventional steel con- 
struction. Moreover, it provides structures which are exceptionally 
rigid, strong and of light weight. Typical applications along this line 
are shown in Figs. 1428 to 1432. 

Obviously, arc welding is also used extensively in the maintenance 
of rock products plant equipment, repairing broken parts and reclaim- 
ing worn parts. A number of these typical applications are shown 
on the following pages. 



Fig. 1428. Black top plant. The main structure, stairways and chutes are af all 
welded steel construction, laid out by the company engineer and wedded by the plant 
welder. All steel In standard shapes and sixes was shipped direct from the mill, laid 
out, cut, fabricated and erected during the slack winter months, saving hundreds o i 
dollars over the cost for riveting. 





Fig. 1429. General view of a grading plant showing bine and structures of welded 
steel construction. 
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Fig. 1431. Loading machine need at the black top plant. This piece of equipment 
was built by the maintenance department using standard angles and plate cut to size 
and Joined by arc welding. 


Fig. 1432. Chute of a gyratory crusher. It is -subjected to severe impact abrasion, 
plates are built up and hard-faced to last two or three times their 
“*• by ^ overplaying them with' super abrasion resisting electrode. The platen are 
removed from the chute and welded during the slack season. 
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. . . ■ ■ ^ 


Fig. 1434. Gyratory crusher. When worn, the rotating member, known as a bell, is 
removed and hard-faced with high manganese steel electrode. 


'W, 



Fig. 1435. Intermediate stage in the repair of a worn rock crusher plate. Worn 
off ribs are replaced with one-inch round manganese steel bars as shown. These are 
then built up to the desired contour to provide the proper rib height. Welded with 
high manganese steel electrode. 
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Fig. 1436. Worn wagon track shoes built up with high carbon steel electrode last 
longer than when new. 



Fig. 1437. Bock crusher roll, 30-ln. diameter, 184 b. wide, built up with lOO lbs. o! 
Ugh manganese steel electrode. Beads on e- inch wide were laid and penned while 
cooling. Sar«d US oiror ropiaewnoid co»t. 
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Sheet Metal Work 

Hundreds of sheet metal items such as fittings and ducts for heat- 
ing and ventilating systems, store fixtures, architectural trim, con- 
tainers, ventilators, machine guards, canopies, hoods, etc., are fabricated 
by electric arc welding for greater rigidity, strength, leak-proof joints, 
pleasing appearance and minimum cost. This work includes black iron, 
galvanized steel, aluminum, stainless steel, monel metal and other 
alloys as thin as 22-gauge. For procedure information see Pages 179 
to 190. The following illustrations show typical applications. Others 
are included in other sections of this chapter. 



Hg. 1438. la this Shop are welding produce* scale panel of 16-gauge etalnleee eteel 
at a saving of 29% over other processes. The welds dm free bom pores and tdte a 
fine polish. 
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VStf* 1440* Fabricating stainless itMl edge band lot a kitchen range. Built bra 
'HOMO piece* ol brake-formed uctlaai welded at two oonai Into tbo U-shape part- 
Material to 90-gauge, 104 stainless stool. Copper inserts lot backing up the wold me 
provided £a a ftwttixOw 


Fig. 1439. The smooth surface cmd round corners ol this line o! arc welded covers 
for steam radiators make them safe for school buildings, gymnasiums, etc. 








Hg. 1442. Elbows, Y's and other fittings for dust collecting systems fabricated front 1 
22-gauge galvanised Iron by the carbon arc process with copper alloy feeder sod. Joints 
axe lap welds. Affords exceptionally strong, rigid, neat construction, replacing riveting 
and soldering. ■ * M ; 
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Fig. 1441. Fabricating a bakery oven unit from galvanized steel. This shop uses 
arc welding extensively for industrial heating equipment, baking and drying units, 
restaurant and kitchen equipment, show cases and ventilating piping. 
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Fig. 1443. Hopper built from 20-gauge galvanized iron welded by carbon arc process 
with copper alloy leeder rod. Inside is reinforced by I Vi-m. angle Iron. 


' Fig# 1444. Smokestack duct fabricated from 13-gauge Hack Iron welded wttb mild 
steel Type B shielded arc electrode. 
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Fig. 1445. Skylight fabricated from galvanized iron by the carbon arc process with 
copper alloy filler rod. Size: 12 ft. by 9 ft. 



Fig. 1446. Letters sheared from 10-gauge strip. 2 Inches wide* and fabricated by 
axe welding. Fox use on a neon sign with arc welded framework. Inset Chows con- 
struction of letter and method of attachment 
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Fig. 1447. Machine guards built from black iron by shielded arc welding with 
Type B electrodes. 
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Fig, 1449. Sign frame of simple arc welded construction comprising a sheet of 
galvanized iron framed by one-inch angle iron welded all around on both sides. 


Fig. 1450* Special mud sampler for use in oil well drilling, built from 16-gauge black 
Ivon by arc welding. Galvanized after welding. 
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Fig. 1453. Fabricating aluminum laundry chutes by arc welding. This shop also 
arc welds a large number of stainless steel kettles for a process plant 



FedMrlcatt,1,r Bt##I cabinet for beer drawing equipment by 
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n* 145*. Special oUhI elbow* far air duett built from flahrantted farou. welded bT 
carbon arc with flimod copper alloy Indii rod. 


Fig. 1455. A group o! air duct connections welded with the carbon arc with tinned 
copper alloy feeder rod. 
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Fig. 1457. An interchanger weighing 8 ton* constructed entirely from galvanised, 
sheets (as thin as 24-gauge), plates and angle iron fabricated entirely by the carbon 
arc process with tinned copper alloy electrode. 


Steel Mill Equipment 

Electric arc welding has enabled manufacturers of steel mill ma- 
chinery and the steel mills themselves to use their own product, rolled 
steel, in the construction of many pieces of equipment for greater 
economies in manufacture and maintenance. There are literally thou- 
sands of applications for arc welding in the fabrication of equipment 
and in the repair and reclamation of worn parts of steel mill machinery. 
A few typical applications are illustrated on the following pages. 
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, f't- MM. Arc welded head lor a 24-lt. cleanup bucket iabiicated from high tensile 

stssL 



fl0» i4»t, A blast tumnc* «klp hoist with arc wsldsd bad, g*car xsducmr, bxttkt 
f rf fr u yf d staflSe, 
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Fig. 1460. An axe welded propelling drive unit for an ore bridge. 
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Fig. 1461. Are welded gear reduction cases for self-sealing coke oven doors. 
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Fig. 1462. Complete arc welded transfer table. 
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Fiq. 1465. Six blast furnace stores of all arc welded construction erected at a large 
Penn, steel mill. 24 it. diameter. 104 ft. high, built from %>in. and %-in. steel plates, 
butt welded. Saved 30% in weight and 50% in time of erection over conventional 
construction. 
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Fig. 1466. All welded open hearth ladles provide many improvements in design for 
longer life of linings and increased pay-loads. Capacity 140 net tons. Weight 39,250 
lbs. without lining. 


1467. Gas seal hood oi welded steel construction. 





Fig, 1469. Ingot mould car. Left: Inside view of car showing use of standard steel 
shapes and plate to provide a low-cost light-weight, rigid construction. 
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Fig. 1468. Welded steel provides a superior bell operating rigging. Note the inter- 
esting use of flange stiffeners. 





Fig* 1470. Galvaniiing kettle made from heavy plate* by arc welding. 48 in. wide, 
48 in* deep* and 28 ft. 0 in. long. 
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Fig. 1473. A group of ladlo Hand* fabricated from boary flamoout stool plate by 
an molding. 
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Fig. 1474. Wire reels of composite construction, employing both cast steel and 
welded steel parts. 



‘ Ft* 147»,Coke pueher fabricated toy weMtef for a lax** steel mllL 1M weWed 
9 «ar i^aa^ cfam lor the mm and lever bear were built at coniiderable *«rtl*^<rfec 
the mtmd steel castings although the jKxttere# were available. 
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Fig. 1476. Arc welded coke oven door sealing plates built from Vi- inch plate 12 ft. 
long. 



Fto. 1477. Gas valve used between gas producer and opes hearth furnace el 
oattd ^nS^e ^biS S k ag el ***** 1800 over cast construction foaMK^fiised. 
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Fig. 1478. Water-cooled door lor discharge end of steel mill slab re-heating furnace. 
Welded steel saves 1000 lbs. over cast construction. Cooling pipes are built in. 


m*m. 

•agin hours, iorestal ling an expensive shut-down el the mill. 
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Fig. 1480. Building up worn iace and inside seal of a floating ring for a hydraulic 
pump adding approximately t/fc-in. of metal with l/t-in. medium carbon alloy steel 
electrode. 
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Fig, 1481. Fabricating an uncoiler coil box housing from Homo cut plate and round 
bar stock. Majority of welds are two passes made with ^4>in. and 1/1I4 b. shielded dire 
electrode. Majority of plate is Vi-in. mild steeL Dimensions: 12 ft. x 5 ft. 9 hi. x It 4 in. 
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Fig. 1482. Fabricating a pinch roll housing built from flame cut lV4-in. plate ■with 
mild steel shielded arc electrode. 


Structural — Miscellaneous 

In addition to its uses in the construction of buildings, bridges and 
tanks, discussed in other sections of this chapter, arc welding is used 
to advantage in the fabrication and erection of many other miscellaneous 
structures. Here, as in the case of bridge and building structures, this 
process assures maximum rigidity, strength and minimum weight. In 
many cases, too, it makes practical designs which greatly simplify con' 
struction and cut costs. A few typical projects are here illustrated. 
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Fig. 1483. Twin typo river tunnel for sub-way system. 200 ft. long, 40 ft. wide, 
23 ft. high. Comprises 5/16-inch plate with T-bar stiffeners entirely arc welded. Pipe 
lined with concrete inside and outside with letters up to 3 ft. thick. Total weight of 
section 6500 tons. Towed from dry-dock 22 miles to installation site. Joined to cofferdam 
as shown in (A). 


Fig. 1484. Dome for 200-inch telescope observatory of arc welded steel construction. 
Diameter 137 feet. Other arc welded parts of this world's record project include dome 
trucks which carry the 2,000,000 pound dome, shutter trucks which open and dose the 
130 ft. by 30 ft. opening In the dome, the dome drive, pedestals, vibration absorbers and 
much of the telescope itself. 




mui! 
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Fig. 1487. Erecting a structure for support of new grain mill in a brewery. Com- 
pletely fabricated and erected by the welding department. 


Tanks and Boilers 

In the following discussion the term “tank” is used in a general 
sense to include all types except where specific types are mentioned. 
These types include all sues and shapes of closed tanks, gas holders 
and pressure vessels, also open tanks such as vats, bins and hoppers. 

Tanks may be classified according to sue and duty. Size is de* 
termined solely by capacity requirements. Duty is determined by the 
operating conditions imposed. These two general classifications con'* 
statute the principal factors regulating the type of tank construction 
to be employed. 

There are many sizes of tanks. For the purpose of this discussion 
they are placed in the following divisions: 

(a) Small tanks, ranging in size up to 100 gallons. This divb 
sion includes such tanks as pump tanks, barrels, domestic 
storage and small dispensing tanks. 

(b) Medium tanks, ranging in size from 100 gallons to 3,000 gab 

Ions. Such tanks include storage tanks, septic tanks, vats, 
pickling tanks, etc. f 
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(c) Large tanks, including bulk storage tanks, gas holders, and 
large storage bins and hoppers. 

The various duties which a tank must fulfill may be determined 
by the following operating conditions which may occur: 

(a) Pressure — which may be that imposed by content load or 
superimposed. Where high superimposed pressure is applied 
the tanks are generally known as pressure vessels. 

(b) Temperature — must be considered when it is above normal 
especially when in combination with superimposed pressure. 

(c) Chemical Reaction — This may be caused by tank contents 
or outside conditions. 

To fulfill the duty imposed by operating conditions a tank must 
be permanently leakproof and have ample strength to carry all loads 
imposed. 

In most cases, arc welded construction is used to fulfill these re* 
quxrements for all sizes and types of tanks. It does this generally at a 
lower first cost and in practically every case at a lower final cost. 

First cost includes material and fabrication costs. The first cost of 
arc-welded tanks is less because usually less material is required than 
for riveted construction. A riveted joint develops a maximum strength 
equal to only 80% of the strength of ordinary tank plate, but this is a 
very expensive joint to fabricate, whereas properly designed welded 
joints can be made by the shielded arc 20% to 30% stronger than the 
plate. Therefore the plate thickness or amount of material required 
for the design strength may be at least 20% less when the tank is built 
by arc welding. Another reason for the lower first cost of arc-welded 
tank construction is the elimination of practically all of the punching 
and all of the caulking required in building a riveted tank. 

Final costs include first cost plus all maintenance costs and indirect 
costs, such as loss due to leakage, depreciation, etc. Maintenance 
costs of arc-welded tanks are practically negligible. The arc-welded 
joints are permanently tight. The weaving action prevalent in certain 
types of tanks does not affect tightness of arc-welded construction. 
Reference to the properties of weld metal. Page 282, shows that welds 
made by the shielded arc process have greater resistance to corrosion 
than mild rolled steel. Painting of exposed tanks is also easier where 
surfaces are smooth. 

Construction of Small T an\s. — Small cylindrical tanks such as steel 
barrels or compressor tanks have longitudinal seams butt welded. The 
welding is generally done automatically for reasons of high speed pro- 
duction and economy. The ends of such tanks are usually flanged so that 
when inserted inside the shell an edge joint is formed. When a convex 
dished head is used the flange forms a butt joint with the shell. For 
examples of this type of container, see Page 784. 

Small cylindrical tanks such as those used for domestic storage and 
similar purposes operate under no imposed pressure. This type of tank 
has lap welded seams in the shell. These may be welded manually or 
automatically. Where quantity of production is fairly large, automatic 
welding is most economical. The heads are usually flanged, inserted 
In the shell, and lap welded on the outside. 
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Small rectangular tanks such as service station oil dispensary tanks 
have a longitudinal seam at one comer. Such joints are generally comer 
welded on automatic machines. Heads and bottoms of these tanks are 
flanged, presenting edge joints for welding. Often an automatic panto' 
graph mechanism is used to guide the welding head over the edge joints 
for welding. With such a mechanism pantograph templates are easily 
prepared for accurate guidance of the welding head over edge joints 
in practically any shape of tank. 

Construction of Medium Size < Tdn\$. — Cylindrical tanks of this 
type generally have lap 'welded girth and longitudinal joints in the shell. 
The welding may be done manually or automatically. A typical auto- 
matic machine for welding such tanks is shown in Fig. 1490. This 
type of fixture can be built to accommodate practically all sizes of 
large cylindrical tanks that can be shop welded. The fixture can be 
raised or lowered to suit the diameter size of the tank to be welded. 
Where strength requirements necessitate double la^ welds made on 
both sides of the joint, welds made inside the tank are done manually 
in all cases. The ends of the tanks are usually flanged and inserted with- 
in the shell, forming lap joints. Oval or odd shaped tanks such as used 
on trucks and trailers are usually welded by the manual process. How- 
ever, in some shops special fixtures have been built for automatic 
welding of such tanks. 

Rectangular tanks may be constructed in various ways, depending 
upon the size of tank, size of available plates and equipment avail- 
able. Such tanks can be designed to have only transverse seams or 
only longitudinal seams or a combination of both. Approximately 
the same amount of plate will be used for any of these designs for a 
given tank. 

The selection of the most economical design is therefore deter- 
mined by the type of joints, and the amount of labor and welding 
required in the fabrication process. No definite rules can be made 
regarding the type of joint to use except possibly in the case where 
the tank requires buckstays or stiffeners. In such cases the plates can 
be butt welded together and to the stiffeners in one operation, the 
stiffeners acting as backing up strips for the butt welds. 

Construction of Bul\ Storage Tan\s . — Prior to 1931, electric- 
arc welding was done with bare electrodes on field-erected tanks, but 
only on accessories, and nominally unstressed parts, such as cone roofs 
and flat bottoms. Now, however, there is no type of field-erected 
tanks, or parts thereof, which is not being satisfactorily welded in spite 
of the adverse conditions frequently encountered in the field. 

Butt-welded girth joints are almost always made with string beads 
so laid that the finished weld looks as if it were formed by a number 
of parallel wires or strands nested in the groove. 

Accompanying sketches show joint details typical of flat-bottomed 
storage tanks with vertical butt-welded cylindrical shells and dome 
or cone roofs; also joint details typical of the same structure with shells 
butt-welded where the plates are over %-in. thick, and lap-welded 
where they are %-in. and less in thickness. Both the vertical and girth 
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Fig. 1483. Detail* lor tanka with butt welded shelli. 


joints are shown to indicate fusion throughout the entire plate thickness. 
Unquestionably the vertical joints, which are highly stressed, should be 
fully welded, but logically the girth joints, which are subjected to very 
small loads, need be welded only sufficiently to provide for corrosion, 
to hold the adjacent edges in line, and to provide a small reserve to 
withstand uneven settlement of the foundations. Nevertheless, because 
it is difficult to set up inspection standards for anything less, most 
companies are now providing, and many purchasers now requiring, 
complete fusion in girth as well as vertical joints. The lone exception 
is the direct shell-to-bottom connection, where a fillet bead is made 
each aide of the shell. 

In lap-welded construction, on the other hand, vertical joints are 
commonly fully welded on both edges only if the stress requires it, 
and girth joints are usually continuously welded on one edge and tack 
welded on the other. 

Under the Tentative American Petroleum Institute Rules for Oil 
Storage Tanks, butt-welded joints are allowed an efficiency of 85%, 
fully welded lap joints an efficiency of 70%, and partially welded lap 
joints an efficiency of 50 -f 1/5 \ %, where \ is the percentage of full 
fillet intermittent welding on the partially welded edge. The minimum 
permissible value of \ is 25%. 
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For welded oil storage tanks, the above joint efficiencies are applied 
to 21,000 lb. per sq. in., as a base for steels having a tensile strength of 
55,000 lbs. per sq. in. or more. 



Fig. 1489. Detail* fox tanks with butt and lap welcUd shells. 


For such welded pressure tanks as spheres, spheroids, and cylindrical 
shells with hemispherical ends, the joint efficiencies are commonly 
a Pplfed to 13,750 lb. per sq. in, as a base for steels having a minimum 
tensile strength of 55,000 lb. per sq. in. Under the API-ASME Code 
governing the design of such vessels, the joint efficiency varies with the 
type of joint, the quality of material, and whether radiographing or 
furnace stress-relieving is employed. Under this code, the joints of a 
butt- welded vessel made of ASTM-A10 steel that are neither radio- 
graphed nor stress-relieved would be permitted an efficiency of only 
74%. If ASTM-A70 firebox steel were used, other factors remaining 
the same, the efficiency would be 80%. If, in addition to using ASTM- 
A7G firebox material, the joints were radiographed, an efficiency of 
90% would be granted, and if the vessel were both radiographed and 
stress-relieved, using A-70 firebox steel, the design could be based bn 
joints having an efficiency of 95%. ; 
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Pressure vessels are almost invariably completely butt welded. For 
spheres and spheroids, a single-60 °-V groove is commonly used. The 
upper half of a sphere is usually welded from the outside, against 
backing-up bars tack-welded on the inside to one of the abutting edges; 
the lower half is welded mostly from the inside, but a small groove is 
chipped from the outside, along the apex of the V, into good weld 
metal deposited from the inside, and then filled by overhead welding. 

The bottoms of spheroids are commonly laid directly in the sand 
or earth bed prepared for them, and butt welded together from the 
top side against backing-up bars on the underside. The roof plates are 
similarly welded from die top side against backing-up strips. The side 
sheets may be welded from both sides — or from the outside only, 
against bars on the inside. 

It is no longer considered advisable or necessary to drill or punch 
holes in plates for assembly purposes. Devices have been developed by 
which plates are quickly and accurately assembled, and the gap 
between abutting edges adjusted to and held at the desired amount. 

To avoid unsightly buckles and dangerous cracks, it is necessary 
that pieces be welded in proper sequence and with as little restraint 
as possible to normal shrinkage. For example: 

The vertical joints in each shell ring of an oil storage tank are 
fully welded before the ring is welded to the course above and below. 
The vertical joints of the lowest shell ring are completely welded, 
and the lower edge of the ring then welded to the outer bottom plates 
before the latter are welded to each other or to the interior bottom 
plates. The interior bottom plates are next welded into sections, then 
the sections welded together, and finally the outer bottom plates are 
welded to each other and to the interior plates. If the bottom were 
welded into a complete disk, and then the shell welded to it, cracks 
along the bottom edge of the shell would probably result, because 
the tendency of the shell to reduce in diameter as welding progressed 
would be resisted by the nearly rigid bottom. 

Bins and hoppers may be regarded essentially as tanks, the only 
difference being the contents are solids instead of liquids or gases. 
These are either rectangular or circular in shape and generally have 
dispensing funnels. 

Pressure vessels are primarily tanks of heavy construction which 
operate under medium or high pressure and also sometimes under high 
temperature. Many hundreds of pressure vessels have been built of 
arc-welded construction and their success in operation offers conclusive 
proof of the reliability of this method of construction. Pressure vessels 
should be built in accordance with the A.S.M.E. Boiler Code, which 
requires definite procedure of welding and stress relieving, and for 
certain types of pressure vessels stress relieving in furnaces. Butt joints 
are used entirely in this class of work. Plate thicknesses generally range 
from 1 to 3 Inches. Practically all welding of pressure vessels is done 
by the shielded arc process, either manually or with a welding head 
which automatically feeds into the arc the metallic shielded arc elec- 
trodes. See Pages 157 to 162, also Page 246 for method of preparation 
of joints, welding procedure and speech for this class of work. 
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Cost Factors of Arc Weldtd T an\ Construction . — The require-* 
ments or service conditions to be met by the tank must be most thor- 
oughly and carefully studied. The care with which this study is made 
determines very largely the costs which will result, both first and 
operating. The study must include the shop and the field. 

First s is 1 the- fabrication in the shop. The plates must be shaped. 
Rolls may be used either for hand or automatic jobs. The arrange- 
ment or sequence of shop operations has great effect on costs. After 
the plates have been cut and formed, the accuracy of their assembly 
aids in cost reduction when the plates have been delivered to the field 
and are erected. ■ 

Fit up, may be considered from two viewpoints. First, the accuracy 
of cutting, 'forming, etc. Next the means of holding in place or 
assembling, while .welding. The plates must be held in position while 
welding is being J dpne. There are a number of methods for doing this. 
They consist , essentially of clamps, either welded in place or movable 
so that welding may proceed at a satisfactory rate. A good tight fit up 
will naturally increase speeds and result in considerable saving in 
electrode. 

Arc welded tanks and boilers of a variety of types 1 and sises are 
illustrated on the following pages. 
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1482 . f*w«ti*f of iww w*l<Ud VMMNft lot lfO T<**< jf oliv* 





n*r. 1494, Fabricating an oil ctorag* tank by v shiftldad arc welding* 
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rig* 1400. Constroctioa o I all-welded 2,000,000 gcrfloa water storage tank. C<mmmSiwi 
eleven ting* tat w« with double J Jehu for horinmtal seaw* and dooble V Joint 
for rerttom seams. Unit ring is 1-7/iO-lnefc plate, Ifaeh sucoeMdiw ring i* JV[n^ 
smaller Hum one below, biset shows dose-op of 2-inch fillet welds Joining 1-7/10-lnch 
plate of first ring, and 3/10-inch base plate. 






Ha. 1497. Pressure vessel for creosotlng purposes. 160 ft. long x 8 ft. diameter* 
%-inch shell. %-in. head. Weight 110,000 lbs. Welded complete In 10 days by auto- 
matic shielded carbon arc process — A.S.M.E. U-69 code. 


Pig. 1499* treating tower for oil refinery. 65 ft. long x 8 ft diameter. §^fs. sheQ. 
%-in. head. Includes 19 trays Inside. Welded by automatic shielded carbon cam process 
—nJUMCJS. U-69 code. Fabricated, assembled and teeted in 16 days. 
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Kg. 1499. Pressure Teasel arc welded according to A.P.I. — A.S.M.E. codes with 
Type C deep-groove electrodes. Shell thickness %4n. 





K At* H A it &> 


* *' "j 


Kg. UW. IMTi loqMt .raporat or low at aU w.bUd anutxwtkm. W «. • ta. 
|M M % UK, S 3/lWn. thick. W.lght 4N4M Bm. t«nd UM bOm tor •**»»•« ** 
^IcetuMdion cmt dumrs at 
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Fig. 1501. Shell and tube reboiler. 6 It. x 20 ft. lVi-ln. plate. 400 lb. working 
pressure. Weight 40.000 lbs. Welded according to A.P.I. — A.S.M.E. code, stress relieved 
and X-rayed. 






S50^i«W^ a *^?' OClaT * * *■*'*■ * * *■ 8 *W«. Pfa 
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Fig. 1803* Arc welded fractionating column being erected at a refinery. 104 ft. long. 
120-ln. diameter. 
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Fig. 1507. Welded steel boiler lor oU field service meets A.S.M.E. U-68 requirements. 
For 130 hp., 300 lbs. working pressure. Eliminates leaks common to riveted boilers o 1 
this type and reduces weight 10%. Welds were produced with Type C deep groove 
electrode and were X-rayed. 





rig. 1509. Water filter plant of 720,000 g.p.d. capacity fabricated from arc welded 
steel. 


Fig. 1510. Radial cone design elevated water tank of lVfe million gallon agadty 
of welded steel cpnjdrnotlom. JotgJ . 1Q3 ft. f in- , , , ,..w ; 
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Fig. 1511. 3000 bbl. Hortonsphere — one of several such tanks at the new refinery 
Illustrated in Fig. 1312. 


Ytfw HIS. three 12,500 bbL Hortonsphere* 'Of all welded steel eoaitnettoi 'In 
operation under 50 1 b* pressure In a large refinery In southeast Texas. ' 
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Fig. 1517. Atom buster of all welded steel constriction used in the high voltage 
studies of atomic structures. 21 ft. long, 9 ft. diameter. 



fig. 1518. Arc welding is used extensively In the construction of swimming pool 
tanks. This axe welded tanks 100 ft. long by 40 ft. vide, is located at a remote mountain 
resort. Bottom and side plates are ^4-in. except at deep end where they axe 5/ 16-in. 
Mates are supported on and are stiffened by T beams. •“ 
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Tools and Dies 

Hard'facing by means of arc welding with tool steel electrode 
(see Page 361) is used extensively in the building of tools and dies 
from mild steel and in the reclamation of worn equipment of tool 
steel construction. A simple example of the use of mild steel stock 
and tool steel electrode is illustrated in Fig. 1519. This shaper tool 
was built at a cost of 25c. This method, applied to the building of 
a stamping die is shown in Fig. 1520. 



Fla. 1510. Shaper tool made from scrap stock by hard-facing with tool steel electrode 
and dressing In the usual manner. From left to right: Mild steel shank, prepared shank, 
hard-faced and dressed tool. Required thirty minutes. Outwears regular tool steel 
knife costing ten times as much. 



1064 


PROCEDURE HANDBOOK OF ARC WELDING 



Fig. 1521. Reclaiming -wheelbarrow (tamping die by building up -worn lace with 
tool stool olectrodo. Deposit is then ground to a flat, smooth finish. Required 80 lbs. 
of electrode and 100 hrs. of labor. Saved $1200 per die. 


Watercraft 

Arc welding was first applied to ship construction in this country 
during the World War. While the use of the process spread and 
flourished, it was not until the German government launched the 
“pocket battleship," “Deutschland," illustrated in Fig. 1522, that uv 
temational attention was focussed upon the efficiency of arc-welded 
ship construction. 

The “Deutschland,"* a cruiser limited to 10,000 tons by the Ver- 
sailles Treaty, is equipped with guns of greater site and range than 
was anticipated by the treaty. This advantage possessed by the 
“Deutschland" was made possible by a great reduction in weight 
which was effected by the use of arc-welded construction instead of 
riveted construction. An estimated saving of at least 3% in cost and 
17% in weight was made possible by arc-welded design. 

•Xjmzmed in 1940. "Lumow ” 
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VI* UM. Aircraft carrier "Banker” contain* men than MS mile* oi welding 
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Fig. 1524. 300-ft. all welded freighter being launched. Welded steel construction 
made possible 300 tons extra cargo carrying capacity. 

An interesting example of the arc welded construction of freighters 
is the vessel illustrated in Fig. 1524. In the case of this 300-foot 
freighter for Great Lakes and Atlantic coast-wise service, the use of 
welded steel construction resulted in an increase of 300 tons in cargo 
carrying capacity. Following are some of the facts concerning this 
vessel — one of a fleet built by arc welding for a large automobile 
manufacturer. 

The vessels include a straight sheer, a 6-inch peak at center of 
upper deck, and deck sides rolling up to the center line at the ends. 
There is one deck running full length of the vessel and also a tank 
top. The deck proper is known as the main deck and the tank top, the 
lower deck. The vessels have a six-inch tumble-home from the 12 ft 
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The newest United States naval vessels contain a great deal of 
arc-welded construction. For example, the decks, bulkheads, masts, 
and practically all of the piping and many miscellaneous parts are 
fabricated by the electric arc. Blisters have also been applied to some 
of the older naval vessels by the electric arc process. Some of the 
latest type submarines are built almost entirely of arc-welded con- 
struction. The United States Navy’s aircraft carrier “Ranger”, con- 
tains more than 225 miles of welds produced by the shielded arc 
process. See Fig. 1523. 

Recently naval lighters and auxiliary vessels, also tug-boats, have 
been entirely fabricated by arc welding. Many parts of tankers and 
merchant marine vessels also are now being built of arc-welded con- 
struction. 
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fig. 13ML Topi Shop fabrication of flooring for 300*ft. all welded freighter. Centers 
Prefabricated section* In place. Bottom: Fabrication of bulkhead. 





t: : , 
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Fig. 1526. Erection views in construction of 00041. welded freighter. Ton show* 
welding of the bottom hull plating. Bottom view shows welding on the side o f the 
hull. 
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6 in. water line to the deck. The machinery space is at the aft end 
with quarters for all the crew except officers on the main deck above 
the machinery space. The steering engine space is aft of the engine 
space. Three cargo holds, served by nine hatches, 12 ft. by 28 ft., 
are located forward of the machinery space. Officers 1 quarters, ballast 
tank and chain locker are forward of the cargo holds. The pilot house 
is located forward and is electrically lowered for passing under bridges. 
Masts and stanchions are hinged. The boat davits, ventilators and 
stacks are arranged for removal. Fuel oil is carried in wing tanks in 
the engine room. Each vessel has two rudders and two steel fenders, 
6 in. by 1 in. running the length of the vessel. 

A general view of construction of the 3 00 'ft. freighter is shown 
in Fig. 1524. Wherever possible, advantage was taken of fabricating 
sections of the hull as complete units. Sections which were pre' 
assembled and welded before erection include all floors (Fig. 1525), 
bulkheads, sheer strake plates welded to frames, main tack stringers, 
decks, machinery foundations, sky lights, transoms and other assemblies 
of hull structures. In Fig. 1525, the prefabricated bridge, pilot house 
and transom section are shown in place. Welding views are shown 
in Fig. 1526. 

The general procedure for welding employed in the construction 
of these freighters was to start at the center of the vessel and weld 
outward, forward and aft from this point. 

Erection was maintained about a day ahead of the welding. The 
butt welds for each plate were completed before the next plate was 
fixed by any seam welding. Any contraction which might occur 
athwartships in the bottom plating was adjusted in the lapped seams. 
One strake was left off the tank top at each side until all piping in 
the double bottom was in place and the width of the plates adjusted 
to suit. Any contraction longitudinally was adjusted in the last dead' 
flat plates at each end. 

The midship arch and the two midship bulkheads were erected 
and plumbed when the tank construction had reached the proper 
point. At that time, two sheer strake plates at each side with attached 
frames were erected and the frames welded to the tank top. Bilge 
plates were then erected and welded as fast as the frames were 
in place. The deck assembly was erected on the midships arch and 
the two bulkheads. 

Downhand welding was used wherever possible. However, with 
the transverse system of framing, the welding of tank top to floor 
throughout the ship and deck plating to beams in the ends must be 
overhead. The finish welding was started at the precise crater of 
the vessel and progressed outward, port and starboard, and fore 
and aft, leaving material ahead of the welding free to move and leaving 
no unfinished seams or welds which might cause excessive strain or 
distortion when they were welded. 

Other watercraft of arc welded steel construction includes barges 
of many types, yachts, cabin cruisers, houseboats and small motor craft. 
A number of these are shown in the accompanying illustrations. 

Arc welding is also used extensively tor ship maintenance. A 
number of applications are illustrated on the following pages. 








■ *«:> C«U* 
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Fig. 1527. This 103,000 bbl. tanker, built for a large oil company, can carry 300 to 
400 tons extra cargo because of weight savings made by welding. Welded parts include 
internal framing between fore and after peak bulkheads, all transfer bulkheads, bot- 
tom longitu dinals , tank tops, foundations, deckhouses, rail stanchions and hatches. 


Fig. 1528. Tanker "ESSO Delivery No. 11" of all welded steel construction* Overall 
length 260 ft. 6 in., beam 43 ft. 6 in., gross weight 1707 tons, dead weight 2760 tons. 
Cargo capacity 17,010 bbls. 1000 hp. Longitudinally framed deck and bottom with 
transversely framed sides. Continuous longitudinally stiffened main center line era* 
head. Twelve main cargo tanks with vertically stiffened bulkheads* Sequence of WpNr 
bag carefully worked out to facilitate maximu m sub-assembly and erection sequence 
planned on free-end principle. Welding started amidships on center Sne; at bottom 
and proceeded forward and alt, outward and upward, to allow structure to have outer 
ends free of restricting stresses. 
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Fig. 1529. Turbo electric tanker "l W. Van Dyke/' Completely arc welded except 
hull ends. Overall length 543 ft., beam 70 ft., depth 40 ft., dead weight capacity 
19,500 tons, cargo capacity 156,000 bbls. Embodies Isherwood longitudinal bracketless 
system. 


IBM. Dtowl •toeMe tow-boat "Kawwria M. Moran." OwraU ksgth NB4K 
£, ESm ts ft. ifaptb 14 It All arc wdJW eoutructtoa. . i i 



'*■*■*- * ^ : 
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.£. • f .-.I,-, 
:/V ." . 




Wm 


- i9u. m t •*« *•** ***. 

• k. eopodtr 900,000 Ibc Mi fish. haeflcafiy aB welded MncilMi txotpl hnl. 


Kg. 1533. Tanker "Red Crown/* Overall length 465 it, molded beam 55 ft., depth 
28 ft,, dead weight capacity 7682 tone. Interior structure, including bulkheads, tank top 
and deck houses of arc welded construction. 






Fig. 1535. Twin-screw Diesel tanker "Dolomite 4." 300 it. long. Grose tonnage 5500. 
Classed by Lloyd's with full ocean rating. For canal, lake and coasted service. JPl 
lded steel hall fabricated from formed channel sections giving a simplified design 
great rigidity, strength and light weight. (See lower illustration.) Cargo tanks are 
welded and nickel lined making possible highly satisfactory shipment of wide range 
cargoes. Welds on outside of hull joining channels made by tractor type automatic 
sided carbon arc welder. Welds bn inside Joining channel flanges made bf man* 
ual shielded arc process. 


* * I'?’? »tnv 




AAMfEX 
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P^gg wpi* >j|l^ 18,500 ton M 
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Fig. 1538. Tanker "Cimarron." 18-knot, high-pressure geared-turbine, 18,230 ton 
dead weight. Interior ol hull and super structure are all arc welded construction. 






rig. 1540. Dredge tender "Maple/* Diesel-powered river low boat of all welded 
steel construction. 



VS* ins. meet towboat "Betty UT designed lot easy MneemrabCOly and Unfed 
beadioom. RnU XeBllbl0ln.bymf.bytd.31n. Rail plating in 5/14-in. Han 
•ieiwwittble pilot bouse. AH welded steel oonstraeden. 
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Fig. 1541. Harbor cutter "Raritan," one oi two all woldod cutters built aft the wi 
time. 110 ft. long. Diesel electric 1000 bp. AH welded with transverse framing providing 
exceptional rigidity, permanent tightness and minimum weight. Below: View during 
erection showing shop fabricated hull structural members. 
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Fig. 1*48. Construction views of wsldod stosl tag. 80 ft. by 20 ft. by 8 ft. 6 is. 
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Construction views o I all welded derrick barge need for drilling operations 
f~ °? “*• G “M 7# «• by 36 It by 6 it Lower lefts Close-up of all weMed 

*"OW«r ricrht: Construction at item showincr ilnun. 




; S? ' ” ' ■ 


Ilf. ISO. MB taw* at all woldad iM construction. Consists at t*r» rataMwBdo 
tanks, on* SO ft. by 24 ft. by 10 ft Mood Mo a a fflit & oM s. gtroctw jroppotts 
dosxicic CDPtd dwbif drilling opitotiont tCbKH a downward wodii i tf of 500 too** 

Contort Vfcwr of ton M dMwtntf dfcwr jwo*ii mochinofT «£ rnpomm •tniotwid 
MBMII. JWowi VT#w on SpvNNT <*ook. tfeooo hoary. 0® woMbd otamctimd momboro 
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Fig. 1546. All welded river barge being launched. 280 It. long, 48 It. wide, 11 ft. 
deep. Contains 600 tons of steel. At this time, this barge was one of 566 all welded 
hulls built by this company. Tractor type automatic shielded carbon arc welder used 
out of doors for many of the horizontal lap and butt welds. 


Fig. 1547. Scow for use in Hawaii. Consists of four water-tight all welded sections 
to facilitate shipping and make possible assembly in the water. 
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:• * - * 






***• 1553. Hull of this yacht was baldly corrodsd below water Has. Conventional 
method of repairing hull by cutting old plating away ton frames and sleeting on 
now plates would hays cost $45,000. New steel plate was added to the corroded hall 
at a cost of $15,000. Careful check on weight of material added showed an increase 
of ten tons. Increased draft 2Va in. 





. ■ . 
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Hg, 18U. W«UU4 MMl cmUai 40 ft long. PiotHm iosgraatex MHfa* 1U», •«- 
cJency and economy than conventional wooden construction. It in permanently leak- 
proof. IMwfenanee cost Is one-fourth that ol wood. Cabin insides oannot.fc$#0l? of open 
up. Hull can bo frosen without harm. Provides complete insulation against heat, 
nolso and vibration. Immune to marine borer*. Qulotor and simpler In operation. 
Eliminate caulking. It hi lighter and far stronger. 
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Hg. 1552. A number ofpleasure boats of arc welded steel construction. This 
manufacturer claims the following advantages of welded steel over wooden construction 
for a typical boat: Top speed one mile per hour greater when new? three miles per 
hour greater after the wood is soaked; carrying capacity is 25% more. Cost of opera- 
tlon is 16% less. Cost of storage, refinishing and repairs Is 50% less? cost of hull 
construction without motor was $200.00 less. 
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Fig. 1554. Cast iron columns of this vertical tug-boat engine were broken by a 
collision, The old columns were replaced witb welded steel columns made from extra 
heavy pipe and 1-inch plate, saving $5,000 over replacement. The repair work was 
done during the winter season. 



out by 
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Fig. 1556. Repairing worn cargo pins. Head surfaces and hole were bum up with 
mild steel electrode, then machined to origincd dimensions. Saved 50% of replacement 
cost. 


. Rebuilding cargo boom king post by welding the new Range as shewn in 

ineet* Fkmge was then welded to deck plate. Cut cost and time of riveted construction 
far half. 
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REFERENCE DATA 

Weights and Measures 
U. S. System 


Length 


12 inches ...... = 1 foot 

3 feet = 1 yard 

5J4yard8 — 1 rod 

40 rods — ,« = 1 furlong 

8 furlongs = 1 mile (statute) 

Surveyor’s Long Measure 

25 links (L) = 1 rod 

4 rods = 1 chain 

80 chains = 1 mile (statute), 

1.1527 statute miles = 1 nautical mile 

3 nautical miles = 1 league 


144 square inches = 1 square foot 

9 square feet = 1 square yard ... 

30J4 square yards — . = 1 square rod ..... 

40 square rods = 1 rood 

4 roods — = 1 acre 

640 acres = 1 square mile 

Volume or Capacity 

1728 cubic inches . == 1 cubic foot 

27 cubic feet * = 1 cubic yard ..... 

128 cubic feet = 1 cord of wood... 

24% cubic feet ... = 1 perch of stone. 

Liquid Measure 

4 gills = 1 pint 

2 pints — 1 quart 

4 quarts ... ..... — ... 8=8 1 gallon 

31J4 gallons = 1 barrel 

2 barrels - — «... = 1 hogshead 

Dry Measure 

2 pints — = 1 quart 

8 quarts — ..... — = 1 peck 

4 pecks ........................ ....... = 1 bushel 

Mass (Weight) — Troy 

24 grains ....... — “ 1 pennyweight ... 

20 pennyweights .... — ... — *= 1 ounce 

12 ounces ..... — — = 1 pound ... 


...ft. 

A 

.fur. 
2 


sd. 

.ch. 

.mi. 


.«sq. ft. 
.sq. yd. 
.sq. rd. 


A. 

.sq. mi. 


..cu. ft 
xu. yd. 
cd. 

.....pch. 
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Avoirdupois 


16 ounces . — “ 1 pound 

100 pounds = 1 hundredweight 

20 hundredweight — = 1 ton . 

Long Ton 

16 ounces ....... “ 1 pound « 

28 pounds = 1 quarter ...... ... 

4 quarters ... ................................ — 1 hundredweight 

20 hundredweight or 2240 pounds — 1 long ton 


Metric System 


lb. 

T. 


.....Jb. 

......qr. 

,...cwt. 

T. 


Length 

10 millimeters mm. 

10 centimeters 

10 decimeters ... 

10 meters 

10 dekameters 

10 hecktometers 

Area 

100 sq. millimeters mm 2 

100 sq. centimeters ... 

100 sq. decimeters 

100 sq. meters or centares 

100 ares 

100 hectares 

Volume or Capacity 

10 milliliters 

10 centiliters 

10 deciliters 

10 liters 

10 dekaliters ..... 

10 hectoliters 

Mass (Weight) 

10 milligrams mg 

10 centigrams 

10 decigrams 

10 grams 

10 dekagrams 

10 hectograms 

1000 kilograms 


= l (Vpt-fmftPr -„„rn — rrH" 

_ cm. 

SB! \ (\ Pi m ftfr 

dm. 

= 1 meter 

= 1 dekameter — 

« * « m * M mk m m m m m m m HI « 

dkm. 


= 1 hectometer hm. 


= 1 kilometer km. 


= 1 sq. centimeter cm* 

= 1 sq. decimeter dm* 

= 1 sq. meter or centare m* 

= 1 are ...ji 


= 1 sq. kilometer 

.km 2 

= 1 centiliter _„_ T „ miim „ 

cl 

= 1 deciliter 

dl. 

= 1 liter (1 cu.decimeter)... 

1. 

= 1 dekaliter 

dkl. 

= 1 hectoliter 

hi. 

= 1 kiloliter 

kl. 


= 1 centigram 


= 1 decigram 

, tot „dir» 

= 1 gram 

- 

= 1 dekagram 

dkl. 

= 1 hectogram 

kg* 

= 1 kilogram 

kg. 

= 1 metric ton 
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Metric Conversion Factors 


Km. X .621 = mi. 

Km. -5- 1.609 = mi. 
m. X 39.37 = in. 
m. X 3.281 = ft. 
m. X 1.094 = yd. 
cm. X 3937 = in. 
cm. 2.54 = in. 
mm. X .03937 = in. 
mm. 25.4 = in. 
sq. km. X 247.1 == A. 
sq. m. X 10.764 = sq. ft. 
sq. cm. X .155 == sq. in. 
sq. cm. -r- 6.451 = sq. in. 
sq. mm. X .00155 = sq. in. 
sq. mm. -s- 645.1 == sq. in. 
cu. m. X 35.315 = cu. ft. 
cu. m. X 1.308 = cu. yd. 
cu. m. X 264.2 = gal. (U.S.) 
cu. cm. 16.383 = cu. in. 

1. X 61.022 = cu. in, 

1. X .2642 = gal. (U.S.) 

1. 3.78 = gal. (U.S.) 

1. -5" 28.316 = cu. ft. 
g. X 15.432 =gr. 


g. X 981 = dynes, 
g. - 7 - 28.35 = oz. (avoir.) 
grams per sq. cm. X 14.22 = lb. per 
sq. in. 

Kg. X 2.205 = lb. 

Kg. X 35. — 3 oz. (avoir.) 

Kg. X 1,102.3 = tons (2,000 lb.) 

Kg. per sq. cm. X 14,233 = lb. per 
sq. in. 

Kg.-m. X 7.233 = ft.-lb. 
kilowatts (k. w.) X 1.34 = H. P. 
watts -r- 746 =* H. P. 
watts X .7373 = ft.db. per sec. 

Joules X .7373 = ft.db. 

Calorie (kilogram-degr. C.) X 3.968 
= B. T. U. 

Calorie (kilogram-degr. C.) .252 =*= 

B. T. U. 

Joules X .24 = gram-calories 
gram-calories X 4.19 = Joules 
gravity (Paris) = 981 cm. per sec. 
per sec. 

(Degrees Centigrade X 1.8) + 32° 
degrees F. 


Decimals of An Inch for Each l-64th 


32nds 

64ths 

Deci- 

mal 

Frac- 

tion 

32nds 

64ths 

Deci- 

mal 

Frac- 

tion 

32nds 

64ths 

Deci- 

mal 

Frac- 

tion 


1 

.015625 


11 

22 

.34375 


22 

44 

.6875 

. 

1 

2 

.03125 



23 

.359375 



45 

.703125 



3 

.046875 


12 

24 

.375 

X 

23 

46 

.71875 


2 

4 

.0625 

Hi 


25 

.390625 



47 

.734375 



5 

.078125 


13 

26 

.40625 


24 

48 

.75 

X 

3 

6 

.09375 



27 

.421875 


| 

49 

.765625 



7 

.109375 


14 

28 

.4375 

% 

25 

50 

.78125 


4 

8 

.125 

X 


29 

.453125 



51 

.796875 



9 

.140625 


15 

30 

.46875 


26 

52 

.8125 

% 

5 

10 

.15625 



31 

.484375 



53 

.828125 



11 

.171875 


16 

32 

.5 

X 

27 

54 

.84375 


6 

12 

.1875 

% 


33 

.515625 



55 

.859375 



13 

.203125 


17 

34 

.53125 


28 

56 

.875 

H 

7 

14 

.21875 



35 

.546875 

1 

i 

57 

.890625 



15 

.23475 


18 

36 

.5625 

% 

i 29 

58 

.90625 


8 

16 

.25 

X 


i 37 

.578123 



59 

! .921875 



17 

.265625 

1 

19 

38 

.59375 


30 

60 

| .9375 


9 

18 

.28125 


1 

39 

.609375 



61 

.953125 



! 19 | 

,296875 


20 

40 

.625 

X 

31 

62 

! .96875 


10 

20 , 

,3125 

% 

1 

41 

.640625 



63 

.984375 



! 21 j 

.328125 


! 21 

42 ! 

.65625 


32 

64 

jl* 

1 


; | 




43 

.671875! 


f ! 


! 

! 
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Weights of Alloys and Metals 


Alloys and Metals 

Aluminum 

Aluminum and Tin: 

A191%, Sn9% 

Aluminum, Copper, and Tin: 

A1 8f%, Cu 7.5%, Sn 7.5% 

A1 6.25%, Cu 87.5%, Sn 6.25% 

A1 5%, Cu 5%, Sn 90% 

Aluminum and Magnesium: 

A1 70%, Mg 30% 

Aluminum and Zinc: 

A1 91%, Zn 9% 

Antimony 

Babbitt Alloy 

Bismuth 

Bismuth, Lead, and Tin: 

Bi 53%. Pb 40%, Sn 7% 

Woods Metal: 

Bi 50%, Pb 25%, Cd 12.5%, Sn 12.5%. 
Brass: 

Cu 90%, Zn 10% 

Cu 70%, Zn 30% 

Cu 60%, Zn 40% 

Cu 50%, Zn 50% 

Bronae: 

Cu 90%, Sn 10% 

Cu 85%, Sn 15% 

Cu 80%, Sn 20% 

Cu 75%, Sn 25% 

Cu 90%, A1 10% 

Cu 95%, A1 5% 

Cu 97%, A1 3% 

Bronte, Phosphorus, Average — 

Bronae, Tobin, Average 

Cadmium and Tin: 

Cd 32%, Sn 68% 

Chromium 

Cobalt 

Copper 

Copper and Nickel: 

Cu 60%, Ni 40% 

German Silver: 

Cu 60%, Zn 20%, Ni 20% 

Cu 52%, Zn 26%, Ni 22% - 

Cu 59%, Zn 30%, Ni 11% — 

Cu 63%, Zn 30%, Ni 7% 

Gold 

Gold and Copper: 

Au 98%, Cu 2% 

Au 90%, Cu 10% 

Au 86%, Cu 14% 

Gun metal. Average 

Iridium 

Iron, Cast 

Iron, Wrought 

Lead 


Lb. per 

Lb. per 

cu. ft. 

cu. in. 

... 163 

0.0943 

... 178 

0.103 

... 188 

0.1087 

... 459 

0.2656 

... 425 

0.2459 

... 125 

0.0723 

... 175 

0.1012 

... 419 

0.2424 

... 454 

0.2627 

... 611 

0.3535 

... 659 

0.3813 

... 605 

0.3501 

... 536 

0.3101 

... 527 

0.3049 

... 521 

0.3015 

... 511 

0.2957 

... 548 

0.3171 

... 555 

0.3211 

... 545 

0.3153 

... 551 

0.3188 

... 480 

0.2777 

... 522 

0.3020 

... 542 

0.3136 

... 537 

0.3107 

.... 503 

0.291 

... 480 

0.2777 

... 436 

0.2523 

... 533 

0.3084 

... 557 

0.3223 

... 554 

0.3206 

.... 530 

0.3067 

.... 527 

0*3049 

... 520 

0.3009 

.... 518 

0.2997 

.... 1208 

0.699 

.... 1176 

0.6805 

.... 1071 

0.6197 

.... 1027 

0.5943 

.... 544 

0.3148 

.... 1396 

0.8078 

.... 450 

0.2604 

.... 480 

0.2777 

.... 708 

0.4097 


( Continued ) 
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Weights of Alloys and Metals 

Lb. per Lb. per 

Alloys and Metals cu. ft. cu. in. 

Lead and Antimony: 

Pb 30%, Sb 70% 450 0.2604 

Pb 37%, Sb 63% 460 0.2662 

Pb 44%, Sb 56% 475 0.2748 

Pb 63%, Sb 37% 514 0.2974 

Pb 83%, Sb 17% 596 0.3449 

Pb 90%, Sb 10% 658 0.3807 

Lead and Bismuth: 

Bi 67%, Pb 33% 639 0.3697 

Bi 50%, Pb 50% 656 0.3796 

Bi 33%, Pb 67% 682 0.3946 

Bi 25%, Pb 75% 697 0.4033 

Bi 17%, Pb 83% 702 0.4062 

Bi 12%, Pb 88% 703 0.4068 

Lead and Tin: 

Pb 87.5%, Sn 12.5% 661 0.3825 

Pb 84%, Sn 16% 644 0.3726 

Pb 63.7%, Sn 36.3% 588 0.3402 

Pb 46.7%, Sn 53.3% 545 0.3153 

Pb 30.5%, Sn 69.5% 514 0.2974 

Magnesium 109 0.063 

Manganese 499 0.2887 

Manganese, Copper, and Nickel: 

Mn 12%, Cu 84%, Ni 4%. 530 0.3067 

Mercury 849 0.4913 

Nickel 550 0.3182 

Osmium 1402 0.8113 

Palladium 712 0.412 

Platinum 1344 0.7777 

Platinum and Iridium: 

Pt 90%, Iridium 10% 1348 0.780 

Rhodium 755 0.4369 

Ruthenium . 765 0.4427 

Silver 654 0.3784 

Steel, Cast 490 0.2835 

Tin 460 0.2662 

Tin and Antimony: 

Sn 50%, Sb 50%. 424 0.2453 

Sn 75%, Sb 25% 442 0.2557 

Tin and Bismuth: 

Bi 78%, Sn 22%™ 587 0.3396 

Bi 63%, Sn 37% 570 0.3298 

Bi 50%, Sn 50% 546 0.3159 

Bi 37%, Sn 63% 530 0.3067 

Bi 22%, Sn 78% 504 0.2916 

Tin and Lead: 

Sn 97%, Pb 3% 456 0.2638 

Sn 89%, Pb 11% 475 0.2748 

Sn 80%, Pb 20%„ 487 0.2818 

Sn 67%, Pb 33% 512 0.2962 

Sn 50%, Pb 50%..— 550 0.3182 

Titanium 224 0.1296 

Tungsten — — . — ..... 1078.7 0.6242 

Zinc 437 0.2528 



1096 


PROCEDURE HANDBOOK OF ARC WELDING 


Physical Constants of Elements 

Introduction — The following table has been compiled from the best available 
sources and checked by about fifty specialists on the various elements. While the 
data are believed to be accurate, certain generalizations have been necessary 
for tabulation and should, therefore, be used only for general purposes and 
comparison between elements. In general, the data are as published in the various 
sources from which they were selected. 

The articles in this Handbook which deal with the individual elements 
should be consulted for more complete information, especially regarding minor 
variations and effect of special treatments on the properties listed. 
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Molybdenum 

Mo | 

42 

| 96.0 | 

10.2 | 

0.368 

I 4748 | 

6692 | 5.49 3.05 

Sfeodyimum 

Nd | 

80 

1144.27 | 

7.05 

! 0.255 

| 1544 | 

1 


No 1 10 1201.83 | 0.8999x10-* | 3.25xl0~*| -415. 498 1 -411.34 


0.0200 


| 0.360 I ■ 


1.092xl0-*| 


■EonranxQm^ 

BOMaB 
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Load Conversion Table for Testing 



Tom 

per Sq. In. to 

Pri. 


Kg. Per 

Kg. Per Sq. i 

Mm. to Psi. 


Tam Per 

Tons Per 

Tom Per 


Kg. Per 

Kg. Per 

Sq. In. 

Pai. 

Sq. In. 

Psi. 

Sq. In. Pri. 

Sq. Mm. 

, Psi. 

Sq. Mm. Psi. ! 

Sq. Mm. Psi. 

16.0 

22,400 

35.0 

78,400 

70 

156,800 

10 

14,223 

60 

85,340 

110 

156,457 

VC. 5 

23,520 

35.5 

79,520 

71 

159,040 

11 

15,646 

61 

86,763 

111 

157,880 

11.6 

24,640 

36.0 

80,640 

72 

161,280 

12 

17,068 

62 

88,185 

112 

159,302 

11.5 

25,760 

36.5 

81,760 

73 

163,520 

13 

18,490 

63 

89,607 

113 

160,724 

IX.Q 

26,860 

37.0 

82,880 

74 

165,760 

14 

19,913 

64 

91,030 

114 

162,147 

12,5 

28,000 

37.5 

84,000 

75 

168,000 

15 

21,335 

65 

92,452 

115 

163,569 

13 0 

29,120 

38.0 

85,120 

76 

170,240 

16 

22,757 

66 

93,874 

116 

164,991 

13 i 

30,240 

38.5 

86,240 

77 

172,480 

17 

24,180 

67 

95,297 

117 

166.414 

14 0 

31 '360 

39.0 

87,360 

78 

174,720 

18 

25,602 

68 

96,719 

118 

167,836 

14J 

32,480 

39.5 

88,430 

79 

176,960 

19 

27,024 

69 

98,141 

119 

169,258 

15,0 

33,600 

40.0 

89,600 

80 

179,200 

20 

28,447 

70 

99,564 

120 

170,681 

15.5 

34,720 

40.5 

90,720 

81 

181,440 

21 

29,869 

71 

100,986 

121 

172,103 

16.0 

35^840 

41.0 

91,840 

82 

183,680 

22 

31,291 

72 

102,408 

122 

173,525 

16.5 

36,960 

41.5 

92,960 

83 

185,920 

23 

32,714 

73 

103,831 

123 

174,948 

17.0 

38,080 

42.0 

94,080 

84 

188,160 

24 

34,136 

74 

105,253 

124 

176,370 

17.5 

39,200 

42.5 

95,200 

85 

190,400 

25 

35,558 

75 

106,675 

125 

177,792 

16.0 

40,320 

43-0 

96,320 

86 

192,640 

26 

36,981 

76 

108,098 

126 

179,215 

16.5 

41,440 

43.5 

97,440 

87 

194,880 

27 

38.403 

77 

109,520 

127 

180,637 

19.0 

42,560 

44.0 

98,560 

88 

197,120 

28 

39,826 

78 

110,943 

128 

182,059 

19.5 

4J.680 

44.5 

99,680 

89 

199.360 

29 

41,248 

79 

112,365 

129 

183,482 

20.0 

44,800 

45.0 

100,800 

90 

201,600 

30 

42,670 

80 

113,787 

130 

184,904 

20.5 

45,920 

45.5 

101.920 

91 

203,840 

31 

44,093 

81 

115,210 

131 

186.327 

21.0 

47,040 

46.0 

103,040 

92 

206,080 

32 

45,515 

82 

116,632 

132 

187,749 

21.5 

46,160 

46.5 

104,160 

93 

208,320 

33 

46,937 

83 

118,054 

133 

189,171 

22.0 

49,280 

47.0 

105,280 

94 

210,560 

34 

48,360 

84 

119,477 

134 

190,594 

22.5 

50,400 

47.5 

106,400 

95 

212,800 

35 

49,782 

85 

120,899 

135 

192,016 

23.0 

51,520 

48.0 

107,520 

96 

215,040 

36 

51,204 

86 

122,321 

136 

193,438 

23.5 

52,640 

48.5 

108,640 

97 

217,280 

37 

52,627 

87 

123,744 

137 

194,861 

24.0 

53,760 

49.0 

109,760 

98 

219,520 

38 

54,049 

88 

125,166 

138 

196,283 

24.5 

54,880 

49.5 

110,880 

99* 

221,760 

39 

55,471 

89 

126,588 

139 

197,705 

25.0 

56,000 

50 

112,000 

100 

224,000 

40 

56,894 

90 

128,011 

140 

199,128 

25.5 

57,120 

51 

114,240 

101 

226,240 

41 

58,316 

91 

129,433 

141 

200,550 

26.0 

58.240 

52 

116,480 

102 

228,480 

42 

59,738 

92 

130,855 

142 

201,972 

26.5 

59,360 

53 

118,720 

103 

230,720 

43 

61,161 

93 

132,278 

143 

203,395 

27.0 

60,480 

54 

120,960 

104 

232,960 

44 

62,583 

94 

133,700 

144 

204,817 

27.5 

61,600 

55 

123,200 

105 

235,200 

45 

64,005 

95 

135,122 

145 

206,239 

26.0 

62,720 

56 

125,440 

106 

237.440 

46 

65,428 

96 

136,545 

146 

207,662 

26.5 

63,840 

57 

127,680 

107 

239,680 

47 

66,850 

97 

137,967 

147 

209,084 

29.0 

64,960 

58 

129.920 

108 

241,920 

48 

68,272 

98 

139,389 

148 

210,506 

29.5 

66,080 

59 

132,160 

109 

244,160 

49 

69,695 

99 

140,812 

149 

211,929 

30.0 

67,200 

60 

134,400 

no 

246,400 

50 

71,117 

100 

142,234 

150 

213,351 

30.5 

<8,320 

61 

136,640 

111 

248,640 

51 

72,539 

101 

143,656 

151 

214,773 

31.0 

69,440 

62 

138,880 

112 

250,880 

52 

73,962 

102 

145,079 

152 

216,196 

31.5 

70,560 

63 

141,120 

113 

253,120 

53 

75,384 

103 

146,501 

153 

217,618 

32.0 

71.680 

64 

143,360 

114 

255.360 

54 

76,806 

104 

147,923 

154 

219,040 

32.5 

72,800 

65 

145,600 

115 

257,600 

55 

78,229 

105 

149,346 

155 

220,463 

33.0 

73,920 

66 

147,840 

116 

259,840 

56 

79,651 

106 

150.768 

156 

221,885 

33.5 

75,040 

67 

150,080 

117 

262,080 

57 

81,073 

107 

152,190 

157 

223.307 

34.0 

76,160 

68 

152,320 

118 

264.320 

58 

82,496 

108 

153,613 

158 

224,730 

34.5 

77,280 

69 

154,560 

119 

266,560 

59 

83,918 

109 

155,035 

159 

226.152 


GENERAL DATA REFERENCE 


1099 


Temperature Conversion Table 


c° 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 




F 

F 

F 

F 

F 

F 

F 

F 

F 

F 



-200 

-328 

-346 

-364 

-382 

-400 

-418 

-436 

-454 






-100 

-148 

-166 

-184 

-202 

-220 

-238 

-256 

-274 

-292 

-310 



-0 

+ 32 

4-14 

-4 

-22 

-40 

-58 

-76 

-94 

-112 

-130 

Interpol*' 

0 

32 

50 

68 

86 

104 

122 

140 

158 

176 

194 

tlOA 

100 

212 

230 

248 

266 

284 

302 

320 

338 

356 

374 

C* 

F* 

200 

392 

410 

428 

446 

464 

482 

500 

518 

536 

554 

1 

- 1.8 

300 

572 

590 

608 

626 

644 

662 

680 

698 

716 

734 

2 

- 3.6 

400 

752 

770 

788 

806 

824 

842 

860 

878 

896 

914 

3—, 

- 5.4 

500 

932 

950 

968 

986 

1004 

1022 

1040 

1058 

1076 

1094 

4 

- 7.2 

600 

1112 

1130 

1148 

1166 

1184 

1202 

1220 

1238 

1256 

1274 

5 

- 9.0 












6 

-10.8 

700 

1292 

1310 

1328 

1346 

1364 

1382 

1400 

1418 

1436 

1454 



800 

1472 

1490 

1508 

1526 

1544 

1562 

1580 

1598 

1616 

1634 

7 

-12.6 

900 

1652 

1670 

1688 

1706 

1724 

1742 

1760 

1778 

1796 

1814 

8 

-14.4 

1000 

1832 

1150 

1868 

1886 

1904 

1922 

1940 

1958 

1976 

1994 

9 

-16.2 

iioo 

2012 

2030 

2048 

2066 

2084 

2102 

2120 

2138 

2156 

2174 

1 0 

-18.0 

1200 

2192 

2210 

2228 

2246 

2264 

2282 

2300 

2318 

2336 

2354 



1300 

2372 

2390 

2408 

2426 

2444 

2462 

2480 

2498 

2516 

2534 



1400 

2552 

2570 

2588 

2606 

2624 

2642 

2660 

2678 

2696 

2714 



1300 

2732 

2750 

2768 

2786 

2804 

2822 

2840 

2858 

2876 

2894 


0 56 

1600 

2912 

2930 

2948 

2966 

2984 

3002 

3020 

3038 

3056 

3074 


i.ii 

1700 

3092 

3110 

3128 

3146 

3164 

3182 

3200 

3218 

3236 

3254 

3 

1.67 

1800 

3272 

3290 

3308 

3326 

3344 

3362 

3380 

3398 

3416 

3434 


2 2? 

1900 

3452 

3470 

3488 

3506 

3524 

3542 

3560 

3578 

3596 

3614 

5 

2.78 

2000 

3632 

3650 

3668 

3686 

3704 

3722 

3740 

3758 

3776 

3794 


3.33 

2100 

3812 

3830 

3848 

3866 

3884 

3902 

3920 

3938 

3956 

3974 



2200 

3992 

4010 

4028 

4046 

4064 

4082 

4100 

4118 

4136 

4154 

7—..— 

3.89 

2300 

4172 

4190 

4208 

4226 

4244 

4262 

4280 

4298 

4316 

4334 

li 

70 O' 

4.44 

5.00 

2400 

4352 

4370 

4388 

4406 

4424 

4442 

4460 

4478 

4496 

4514 



2500 

4532 

4550 

4568 

4586 

4604 

4622 

4640 

4658 

4676 

4694 

10. 

5.56 

2600 

4712 

4730 

4748 

4766 

4784 

4802 

4820 

4838 

4856 

4874 

11 — 
12 

6.11 

6,67 

2700 

4892 

4910 

4928 

4946 

4964 

4982 

5000 

5018 

5036 

5054 



2800 

5072 

5090 

5108 

5126 

5144 

5162 

5180 

5198 

5216 

5234 

13. 

7.22 

2900 

5252 

5270 

5288 

5306 

5324 

5342 

5360 

5378 

5396 

5414 

14. 

7.78 

3000 

5432 

5450 

5468 

5486 

5504 

5522 

5540 

5558 

5576 

5594 

15—— 

8.33 

3100 

5612 

5630 

5648 

5666 

5684 

5702 

5720 

5738 

5756 

5774 

16 

8.89 

3200 

5792 

5810 

5828 

5846 

5864 

5882 

5900 

5918 

5936 

5954 

17 

9.44 

3300 

5972 

5990 

mimm 

6026 

6044 

6062 

6080 

6098 

6116 

6134 














18. 

10.00 

3400 

6152 

6170 

6188 

6206 

6224 

6242 

6260 

6278 

6296 

6314 



3500 

6332 

6350 

6368 

6386 

6404 

6422 

6440 

6458 

6476 

6494 



3600 

6512 

6530 

6548 

6566 

6584 

6602 

6620 

6638 

6656 

6674 



3700 

6692 

6710 

6728 

6746 

6764 

6782 

6800 

6818 

6836 

6854 



3800 

6872 

6890 

6908 

6926 

6944 

6962 

6980 

6998 

7016 

7034 



3900 

7052 

7070 


7106 

7124 

7142 

7160 

7178 

7196 

7214 
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Weights of Steel Bars (Tables on Pages 1101-1103) 

Carbon Steels — Approximate weights of carbon steel bars in rounds, squares, 
hexagons, octagons, and flats are given in the following tables. The weights given 
have been calculated from the unit, 1 cu. in, equals 0,2833 lb. or its equivalent, 
1 cu, ft equals 489.54 lb, A convenient unit much used in practice is t cu. in. 
equals 0.3 lb. This gives weights about 6% heavier than those in the tables, but 
since bar steel is usually furnished slightly full to size, weights calculated on this 
basis yield fairly dose working results for all except very large sizes. 

High Speed Steels — On account of the large proportion of special dements 
present high speed steels are heavier than carbon steels. While this increased 
weight is not constant, a fairly close estimation of the weight of high speed 
•teds may he obtained by adding 10% to the figures for carbon steels as given 

{ Continued^ 
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Comparative Table of Wire Gages in Common Use in the U. S. 

Dimensions of Sizes in Decimal Parts of an Inch 



1 

0.2893 

0.300 

0.2830 

0.0156 

0.010 

0.300 

0.227 

0.28125 

1 

2 

0.25763 

0.284 

0.2625 

0.0166 

0.011 

0.276 

0.219 

0.265625 

2 

3 

0.22942 

0,259 

0.2437 

0 0178 

0.012 

0.252 

0.212 

0.250 

3 

4 

0.20431 

0.238 

0.2253 

0.0188 

0,013 

0 232 

0.207 

0.23437? 

4 

5 

0.18194 

0.220 

0.2070 

0.0202 

0.014 

0.212 

0.204 

0.21875 

5 

6 

0.16202 

0.203 

0.1920 

0.0215 

0.016 

0.192 

0.201 

0.203125 

6 

7 

0.14428 

0.180 

0.1770 

0.023 

0.018 

0.176 

0.199 

0.1875 

7 

8 

0.12849 

0.165 

0.1620 

0.0243 

0.020 

0.160 

0.197 

0.171875 

8 

9 

0.11443 

0.148 

0.1483 

0.0256 

0.022 

0.144 

0.194 

0.15625 

9 

10 

0.10189 

0.134 

0.1350 

0.027 

0.024 

0.128 

0.191 

0.140625 

10 

11 

0.090742 

0.120 

0.1205 

0.0284 

0.026 

0.116 

0.188 

0.125 

11 

12 

0.080808 

0.109 

0.1055 

0.0296 

0.029 

0.104 

0.185 

0.109375 

12 

13 

0.071961 

0.695 

0.0915 

0.0314 

0.031 

0.092 

0.182 

0.09375 

13 

14 

0.064804 

0.083 

0.0800 

0.0326 

0.033 

0.080 

0.180 

0.078125 

14 

15 

0.057068 

0.072 

0.0720 

0.0345 

0.035 

0.072 

0.178 

0.0703125 

15 

16 

0.05082 

0 065 

0.0625 

0.036 

0.037 

0.064 

0.175 

0.0625 

16 

17 

0.045257 

0.058 

0.0540 

0.0377 

0.039 

0.056 

0.172 

0.05625 

17 

18 

0.040303 

0.049 

0.0475 

0.0395 

0.041 

0.048 

0.168 

0.050 

18 

19 

0.03589 

0.042 

0.0410 

0.0414 

0.043 

0.040 

0.164 

0.04375 

19 

20 

0.031961 

0.035 

0.0348 

0.0434 

0.045 

0.036 

0.161 

0.0375 

20 

21 

0.028462 

0.032 

0.03175 

0.046 

0.047 

0.032 

0.157 

0.034375 

21 

22 

0.025347 

0.028 

0.0286 

0.0483 

0.049 

0.028 

0.155 

0.03125 

22 

23 

0.022571 

0.025 

0.0258 

0 051 

0.051 

0.024 

0.153 

0.028125 

23 

24 

0.0201 

0.022 

0.0230 

0.055 

0.055 

0.022 

0.151 

0.025 

24 

25 

0.0179 

0.020 

0.0204 

0.0586 

0.059 

0.020 

0.148 

0.021875 

25 

26 

0.01594 

0.018 

0 0181 

0.0626 

0.063 

0.018 

0.146 

0.01875 

26 

27 

0.014195 

0.016 

0.0173 

0 0658 

0.067 

0.0164 

0.143 

0.0171875 

27 

28 

0.012641 

0 014 

0.0162 

0.072 

0.071 

0.0149 

0.139 

0.015625 

21 

29 

0.011257 

0.013 

0.0150 

0.076 

0.075 

0.0136 

0.134 

0.0140625 

29 

30 

0.010025 

0.012 

0.0140 

0.080 

0.080 

0.0124 

0.127 

0.0125 

30 

31 

0.008928 

0.010 

0.0132 

.......... 

0.085 

0.0116 

0.120 

0.0109375 

31 

32 

0.00795 

0.009 

0.0128 



0.090 

0.0108 

0.115 

0.01015625 

32 

33 

0.00708 

0.008 

0.0118 

.......... 

0.095 

0.0100 

0.112 

0.009375 

33 

34 

0.006304 

0.007 

0.0104 

.......... 

........ 

0.0092 

0.110 

0.00859375 

34 

35 

0.005614 

0.005 

0.0095 

.......... 

........ 

0.0084 

0.108 

0.0078125 

35 

36 

0.005 

0.004 

0.0090 

.......... 

........ 

0.0076 

0.106 

0.00703125 

36 

37 

0.004453 

........ 

........r—, 

. 


0.0068 

0.103 

0.006640625 

37 

38 

0.003965 

........ 

- ..... 

.......... 

........ 

0.0060 

0.101 

0.00625 

38 

39 

0.003531 

.. 

.............. 



0.0052 

0,099 


39 

40 

0.003144 

.. 



.. 

........ 

0.0048 

0.097 


40 


Weights of Steel Bars — Continued 

in the tables. In other words, multiply the figures in the tables by LI to obtain 
the weight of high speed steel. 

Useful Methods for Calculating Weights — There are several methods which 
may often be used to advantage in determining weights of odd'sfaed bars not 
included in the subsequent tables. 

(1) To find the weight per ft. of any site round, square or octagon, square 
the diameter (or stated dimension) and multiply by the weight per ft. of 1 in, 
round, square or octagon, respectively. 

(2) The weight per ft. of octagon steel may be found by multiplying the 
weight per ft. of a round bar of the same site by 1,0547. 

, ($) The weight per ft. of hexagon steel may be found by multiplying the 
weight per ft. of a round bar of the same site by 1.1026. 

(4) To find the weight per ft. of any flat, multiply the product of the width 
and thickness by the weight per ft. of 1 in. sq. 
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INDEX 


A 


Abrasion resisting steels 297 

A.C. welding, type C electrode, for. ...204 

Accessories, miscellaneous 23 

Additions and alterations, structural 740 

Agricultural implements 822 

Aircraft, codes for 133 

applications 761 

Air hardening, chromium steel 317 

Alloys, weights 1094 

Alteration of buildings 808 

Alternating current — see A.C. 

Aluminum, welding of 340 

base repair 1007 

chute 1024 

tanks 1049 

American Welding Society welding 

symbols 44 

methods for testing welds 263 

Amount of current carried by electrode . . 146 

of electrode per ft of weld 145 

Amperes, characteristics 9 

Amusement park device 900 

Analyses of stainless steels 300 

of steel for weldability 290 

Angle bracing 732 

Anode drop 28 

Applications of arc welding. 761 

Aprons 22 

Aqueduct construction 967 

Arc amperes 10 

blow 27 

blow, minimizing of 143 

brazing 28 

current, voltage and speed in weld 

inspection 124 

cutting * 137 

length 27 

speeds 142 

stream 27 

temperature 5 

voltage 7,10 

watts 10 

welding 5 

welding, atomic hydrogen. ....... 5 

welding, source of current 7 

Assemblies, complete. 507 

Assembly, effect on costs. 210 

of welded parts, 483 

Atom buster 1062 

Atomic hydrogen arc welding 5 

Autogenizere for automatic welding. ... 241 

Automatic, metallic arc welding 7 

shielded are welding. 7 

welding, automotive 764 

welding, barrels. 784 

welding, estimating costs 250 

welding, furnaces,.,., 833 

welding, pipe 939 

welding with shielded carbon are, . 24l 
welding with shielded metallic are. . 251 

Automotive applications 764 

repair 779*783 


Axis of weld 29 

Axle for hay rake 859 

Axle housings, automotive 765 

B 

Back-step welding 29 

Backing strip 29 

Bakery oven unit 1018 

Ball mill, welded 898 

Bar frames, design of 719 

Bar joists, design of 718 

Bare electrode 29 

Bare electrodes, speeds and costs for, . . 254 

Barge, drill 1081 

Barges 1082 

Barrels, fabrication 784 

Bascule bridge 788 

Base, applic 867-9 

Base, machine tool 895 

Base metal 29 

Battledeck floors 738 

Battleships 1068 

Beading 30 

Beads, estimating length of 71 

Bead weld 29 

Bead welds, symbols 58 

Beam connections 577 

Beams, design of 544 

framing to girders 578 

Bearings in design 469 

Beer-drawing cabinet. 1024 

Bell spigot joint 943 

Bell-hole welding 945 

Bell operating rig. 1032 

Bend test. 30 

Bending moment in design 393 

Black-top plant 1010 

Blast furnace equipment.. 1026 

Blow, magnetic arc 27 

Bodies, automotive. 769-778 

Boiler flues, locomotive 1006 

insurance 130 

Boilers and tanks 1042 

Bond 30 

Boom, dragline, repair 817 

Booth for welding 23 

Bosses in design 466 

Box car, applic.. .1004 

Bracing, angle 732 

rod 726 

Brackets, applic 873-5 

in design 480 

Brakes, press 890 

Brass, welding of 340 

Brazing, are 28 

Brewery applk,...,.... 829 

structural # 1042 

Bridge flooring 789, 795 

Bridge reinforcing,..,.,,,,... 796 

Bridges and piers. 786 

Brinell, conversion to Rockwell. 358 

Broaching machine, applic.. 891 

Bronze, welding of 333 

Bucket, clean-up 1027 
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Buffer, locomotive 1007 

Building additions 832 

Buildings and houses 798 

Buildings, design 521 

Building up, automatic. 248 

Bulkhead construction 1067 

Bull plug for header 955 

Burn-off rates 145 

Bus, automotive 778 

Butt welds, code, automatic 249 

Butt welds, commercial, automatic 243 

welds, flat, single V groove, type 

A, costs 226 

welds, flat, type B, (P) 193 

welds, flat, U groove, type C, costs. . 227 

welds, gauges for 371 

welds, horizontal, type A, costs 228 

welds in heavy plate, automatic 246 

welds in heavy plate, flat, type A, 

(P) 157 

Butt joints 30 

Butt welds, overhead in sheet metal, (P ) . 182 
welds, overhead, type A, costs. . . . 231 

welds, overhead, type A, (P) 166 

welds, overhead, type B, (P) 197 

welds, plain, in sheet metal, flat (P) 181 

welds, plain, flat, type A (P) 156 

welds, square groove, flat, type A, 

costs 223 

welds, stainless steel (P) 350 

welds, V’d, flat, type A, (P) 154 

welds, V’d tee in heavy plate, type 

A, (P) 163 

welds, V’d, with backing, flat, type 

A, (P) 156 

welds, vertical, in sheet metal, (P) . . 181 

welds, vertical, type A, costs 229 

welds, vertical, type A, (P) 165 

welds, vertical, type B, (P) 197 


C 

Cab, locomotive 997 

Cabinet, beer-drawing 1024 

kitchen 845 

Cable, sizes 19 

welding 18 

Calculation of production costs 223 

of welded frames 671 

Cams and eccentrics in design 479 

Candy plant, applic 827-8 

Canopy for machine 1021 

Cans and containers 785 

Carbon arc cutting 6 

arc welding 6 

Carbon arc welding, manual, procedures. 240 

shielded, automatic 24 1 

Carbon arc for galvanized steel 314 

Carbon content, effect on weldability. . . 288 

Carbon electrodes. 20 

Carbons, pointing of 240 

Carbon-moly steels, welding of 296 

S.A.E. analyses 373 

Cars, mine 9 x 4 

hopper .....1003-4 

Casing, oil well 9 19 

Note: (P )’ Procedures 


Cast iron, comparison to rolled steel. . . . 389 

welding of 326 

Cast steel, welding of 333 

Castings, control setting for welding... 15 

Casting machine, die 894 

Celluloid models 77 

Cement, buggy parts 909-910 

mill crane wheel 913 

Chain intermittent fillet welds 33 

Chairs, applic 841 

Characteristics of welds 126 

of welding generator 8 

Charpy tests 279 

Chemical plant tank 1056 

Chipper chute repair 996 

Choice of electrodes 148 

Chrome-moly steel, welding of 298 

Chrome nickel steels, welding of 299 

Chromium steels, S.A.E. analyses 376 

steel, welding of 316 

-vanadium steels, S.A.E. analyses. . 375 

Chutes, laundry 1024 

Circuit, for volt ampere curves 8 

Clad steel, stainless, welding of 309 

Clamp, machine part 865 

Classification of electrodes 148 

devices and pins in design 475 

Coal handling machine 911 

mining equipment 914 

Coating, for electrodes 20 

Code welding, automatic 249 

Codes for welding 132 

Coke oven door gear cases 1028 

oven sealing doors .1036 

Coke pusher 1035 

Cold rolled steel, welding of 297 

Column base plates 523 

reinforcement 575 

splices and connections 523 

web plates 554 

Columns, crane way 619 

free end connections.... 525 

rigid end connections 539 

Combinations of various metals 350 

Commercial welding, automatic. ....... 242 

Composite electrode 30 

Composite joint 30 

Concave bead, type C 152 

Concrete machinery, applic 898-9 

Concurrent heating 31 

Connection plates for beams. 557 

Construction equipment, applic 809 

Containers, fabrication 784 

machine design 411 

misc. applic 879-81 

Continuous beam action 544 

Continuous weld. 31 

Contraction, study of 82 

Conventional method of design 422 

Conversion factors, metric 1093 

Convex bead, type B 150 

Conveyor, coal mine. 913 

washing machine ........... 900 

"Redler”, applic 910 

Cooking equipment $42-44 
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Cooling tower piping 982 

Copper and bronze, welding of 335 

Corner joints 30 

Corner weld, photo of 151 

Corner welds, automatic 248 

welds, flat, in sheet metal, (P) . . . . 186 

welds, flat, type B, (P) 195 

welds, overhead, in sheet metal, (P) 188 

welds, stainless steel (P) 308 

welds, vertical, in sheet metal, (P) . 186 

Corrosion resistance 282 

resisting alloys, S.A.E. analyses 376 

Cost calculations for engine driven 

welders 239 

curve, general 221 

factors, structural 749 

Costs, conclusions for reduction of. ... . 238 

estimating, automatic welding.... 250 

manual welding, estimating 205 

pipe welding 976 

study of 210 

tank construction 1048 

welding 141 

Cover glass 31 

Covers, machine design 410 

misc, applic 882-84 

Craft, pleasure 1085-6 

Crane, applic 907 

Crane columns and connections 619 

wheels 913 

Crankshafts in design. 477 

Crater 31 

Crater, weld 27 

Craters, elmination of 142 

Creosoting pressure vessel 1052 

Cruiser, pleasure . , 1085 

Crusher bell, gyratory 1014 

Crusher plate 1014 

Cultivator shovel repair 823 

Current, method of determining amount 

of 146 

transmission of 17 

Current in weld inspection 124 

Current supply, source for arc welding. . 7 

Curve, cost, general 221 

stress-strain 89 

temperature gradient 260 

Curves, volt-ampere..*,....*. 8 

Cutter, harbor 1078 

Cutting, and gas welding. ........... 4 

Cutting, arc.*... 137 

carbon arc 6 

flame 134 

Cylinder head, gas 838 

Cylinders, locomotive. 1001 

D 

D«m facing 1041 

Decimals, traction of inch 1093 

Deep-groove weld, photo of 153 

Deep-groove high tensile welding .... 203 

Deep-groove welding with Type C 
electrode 200 


Definitions of welding terms * 28 

Deflection, effect on design ........... 416 


Deflection in design 401 

Density of welds 276 

Deposited metal 31 

Deposition, rate of 37 

efficiency 31 

Depth of fusion 31 

Design, classifications of units 408 

conventional method 422 

direct replacement method 413 

effect on costs 205 

methods of 387 

one part at a time 406 

precise method 447 

welded vs. riveted 521 

Design by diagram 437 

Design examples 466 

Design of base 419 

Design of bed plates 423 

Design of press frame 421 

Design of roll changing hook 447 

Designing, structural 521 

machine 3S3 

Details, design, examples 483 

Diagram, method of design 437 

Dies and tools 1063 

Diesel engine base repair 906 

Dipper teeth repair 815,917 

Direct current arc welding 31 

Direct replacement method of design. ... 413 

Distortion, study of 82 

Distribution of stresses 69 

Door, auto, repair 780 

Double bevel groove weld 32 

Double bevel tee joint 42 

Double fillet lap joint 43 

Double J groove weld 32 

Double J tee joint 43 

Double U butt joint 41 

Double U groove weld 32 

Double V butt joint 41 

Double V groove weld 32 

Draw works, welded .929,930 

Dredge pump repair 820,821 

Dredge tender 1077 

Dredges -...1080 

Drill pipe joint repair 924 

Drilling rig .929,931 

Ductwork .1018, 1025 

Dump scow 1083 

Dump truck, applic 811 

E 

Earthmoving equipment 809 

Edge joint 44 

joints 30 

welds, automatic 247 

welds, flat, type A, (P) 177 

welds, flat, type B, (P) 196 

welds, overhead, in sheet metal, (P) 190 

welds, stainless steel, (P) 308 

welds, vertical, in sheet metal, (P) . 189 

welds in sheet metal, flat, (P) . . , . 189 

Efficiency, welder, effect on costs. ..... 218 


Electric welding machinery, code for 133 

Electro magnetic method of inspection, * 123 
Note: ^-Procedures 
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Electrode 32 

composite 30 

holders 19 

performance, effect on costs 217 

lbs. per ft. 145 

tip 32 

type A 148 

type B 150 

type C 152 

Electrodes 19 

carbon 20 

choice of 148 

heavily coated 20 

metallic 19 

semi-coated 20 

shielded arc 20 

specifications for filler metal 3 66 

study of costs 214 

washed 20 

Elements, physical constants 1096 

Endurance test 280 

Engine block repair 780 

driven welders, cost calculations for 239 

Equipment, ventilating 22 

Erection, structural 801 

Estimating costs for automatic welding. . 250 

welding costs, manual 205 

Etch test 276 

Evaporator tower 1053, 1055 

Everdur, welding of 339 

Examples of design details 483 

Expansion, study of 82 

F 

Fabrication, structural 800 

Face of weld 36 

Face shields 21 

Factory building 798 

Far weld, symbol for. 45 

Farm implements 822 

Fatigue test 281 

Feed mixer, applic 824 

Fenders, repair 779 

Ferryboat 1072 

Field weld, symbol for 45 

Filler metal 32 

Filler metal specifications 366 

RUet weld 32 

Fillet weld, photo of 153 

Met weld tests 274, 278 

welding, size of 37 


welds, vertical, type A, (?) 175 

welds, vertical, type B, (P) 196 

Fillet welds in sheet metal, flat, (P ) . . . . 183 

Filter plant 1058 

Finish bead J52 

welding with type C electrode. . . . 203 

Finishing operations, in design 389 

Finishing or final treatment, effect on costs 238 

Firing line crew 945 

Fit up, effect on costs 208 

Fixture, lighting 938 

Fixtures, applic 847 

study of costs 211 

Flame cutting 134 

Flame cutting, speed of 137 

Flame hardening 363 

machining 136 

softening 136 

Flash 33 

Flash butt welding 33 

Flat bead, type A 148 

Flooring, bridge 789,795 

Floors, steel plate 738 

Flue for tar truck 1023 

Flush comer joint 43 

Flush weld 33 

symbol for 45 

Flux 33 

Food plant applications 826 

Forge welding 3 

Forgings, welding of 335 

Forming, cutting and welding (costs) . . 206 

Forming machine, applic. 892 

Formulae for “H” 692 

Fractionating towers 932 

Frame, lift truck 857 

Frame, locomotive, repair. 1005 

rigid, design of 652 

Frames, applic 870 

fixed 672 

hinged 672 

Free bend test 33, 271, 278 

cutting steels, S.A.E. analyses 373 

end connections for columns 525 

Freighters 1066 

Full open corner joint 44 

Furnaces and heating equipment. ..... 833 

Furniture, applic. 84l 

Fusion, depth of 31 

Fusion welding 33 


Met welds, flat, tilted, type A, (P). . . . 172 

welds, flat, type A, costs 232 

welds, flat, type A, (P) 170 

welds, flat, type B, (?) 194 

welds, flat, type C, (?) 198 

welds, gauges for. 371 

welds, length of, to replace rivets . . 67 

welds, overhead, in sheet metal, (P) 186 

welds, overhead, type B, (P) 198 

welds, safe toads 66 

welds, stainless steel (?).,., 307 

; , welds* symbols. 59 

^ welds, rilled, type C, costs 233 

welds, vertical, in sheet metal, (?) . 185 


Galvanized iron, applic. 1018 

welding of 313 

Galvanizing kettle 1033 

Gamma-ray, method of inspection..,.. 127 

Garage work.... 779,783 

Gas line repair 957 

pipe lines. 942 

plant equipment 837 

pocket 33 

producer valve. 1036 

seal hood. 1031 

solubility, effect on weldability.... 287 

welding and cutring. "4 

Note: (TJ-Procedura 
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Gasoline line repair 964 

Gate, garden 93 6 

Gauges for butt & fillet welds 370 

Gears, applic 912 

machine design 412 

General technique for welding 143 

Generator efficiency, effect on costs.... 218 

Generator, variable voltage type 8 

welding characteristics of 8 

Girders, framing to beams 578 

plate 582 

Girder frame, applic 794 

Globules in arc welding. 5 

Glossary of welding terms 28 

Gloves 22 

Goggles 21 

Grain mill, applic 824 

Grandstand, ballpark 1041 

Gravel plant, applic 814 

Groove angle 35 

welds 34 

welds, symbols. 60 

Ground, welding 40 

Guided bend test 34, 268, 277 

Guards, machine 1021 

H 

“H”, calculation of 673 

formulae 692 

Half-open corner joint 43 

Half-soling worn pipe 958 

Hammer welding. 34 

Harbor cutter 1078 

Hard facing 352 

Hard facing costs. 355 

Hardening, flame. 363 

Hardfacing tools and dies 1063 

Hardness conversion table 358 

Hardness of deposits.. 356 

Head shields 21 

Header, machine part 861 

Header bull plug 955 

Headers, pipe line 956 

Heads, cylinder, gas. 838 

Heat effected zone. 34 

Heat treatment, stress relieving. ....... 102 

Hotting equipment, applic. 833 

Heavily coated electrode# 20 

Heavy rolled sections 563 

Heavy work* control setting for 16 

High carbon alloy steel facing procedure. 360 

High carbon steel, welding of. 322 

facing procedure 358 

High manganese steel, welding of. 320 

High pressure, high-temp, piping 982 

High speed tool steel, procedure for. ... 361 

High speed welding. 252 

High tensile steel, deep groove welding. . 203 

flat welding, procedure 190 

type A electrode for ............ 190 

type C welds 203 

vertical apd overhead welding, 

procedure 191 

High tensile steels, analyses of 293 


physical properties of 293 

weldability 292 

Highway bridges 786 

Hoist, applic. 811 

Hoist drum grooving 812 

Holders, electrode 19 

Homogeneity test, weldability. 289 

Hopper cars, railroad 1003-4 

Hoppers and chutes 1011,1019 

Horizontal welding position 35 

Horizontal welds, type A, procedures. . . 167 

Hortonspheres 1059 

Hortonspheroids 1060 

Household equipment 841 

Houses, applications 804-7 

Houses, steel frame 747 

Housing machine, applic 890 

Hydril pipe and joint repair 926 

I 

Ice slingcr, welded 901 

Impact test 279 

Included angle 35 

Inclusions, non-mctallic, effect on weld- 
ability 287 

Inconel, welding of 350 

Ingot mold car 1032 

Inspection of welds 123 

Inspector, training of 124 

Instructions for use of symbols 55 

Insulation, piping 979 

Insurance of welded vessels 130 

Integration, table of values 684 

Interpolating data on in-between sizes 

of plate 204 

Iron, cast 326 

malleable 334 

wrought 334 

Izod test 279 

J 

Jigs and fixtures, application 847 

study of costs 211 

for aircraft assembly 762 

Joining standard rolled shapes 455 

Joints (sec “welds*’) 

butt 30 

composite 30 

corner 30 

corrosion tests 282 

double bevel tee 42 

double fillet lap 43 

double J tee 43 

double U butt 4l 

double vee butt 4l 

edge 30,44 

fillet weld tests 274 

flush corner .................. 43 

free bend test 271, 278 

full open corner 44 

guided bend test ........... 268, 277 

half open corner 4$ 

lap 31 

nick break test...... ..267, til 
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ofl well, tool 924 

pipe line 943 

piping 971 

selection of, type of 40 

single bevel tee 42 

single fillet lap 43 

single J tee 43 

single U butt 41 

single V butt 41 

square butt 41 

square tee 42 

strength of welded 66 

study of stress distribution 75 

tee 31 

tensile test 270,277 

types of, in estimating costs 205 

K 

Kerf 35 

Killed steel 292 

Kips 71 

Kitchen range 842, 1017 

sink 845 

L 

Labor, study of costs 210 

Laboratory tables 846 

Ladle stands 1034 

Ladles, open hearth 1031 

Lap joints 31 

Lap weld, photo of 151 

Lap welds, automatic 246 

flat, tilted, type A, (P) 173 

flat, type A, costs 234 

flat, type A, (P) 172 

flat, type B, (P) ... 194 

high speed, flat, (P) 174 

overhead, in sheet metal, (P) 185 

overhead, type A, costs 237 

overhead, type A, (P) 176 

overhead, type B, (P) 198 

stainless steel, (P) 306 

vertical, in sheet metal, (P) 184 

vertical, type A, costs 235 

vertical, type A, (P) 175 

vertical, type B, (P) 196 

in sheet metal, flat, (P) 184 

Large size beads 144 

Lathe, applic 893 

Laundry pressing machine 897 

Layer 35 

Layout of piping 982 

Lead bearing steels, welding of 322 

Lpg of fillet weld 35, 36 

Lens, welding 21 

Levers, applic. ...876-8 

Levers in design * 472 

lift table, welded 908 

Lift truck 908-9 

Lighting fixture 938 

Liners, pipe joint 943 

Load conversion tables 1098 

Loads for fillet welds 66 

Location of welds 40 

Locomotive tires, repair 915 

Note: ^-Procedures 


Locomotives, railroad 997 

Low alloy steels, weldability of 292 

Lumber mill engine repair 906 


M 

Machine design, a guarantee 378 

introduction 379 

Machine guards 1021 

Machine parts welded vs. cast or 

riveted 854, 866 

Machine tools 889 

Machinery, code for 133 

misc. applic 897 

Magnetic fields 27 

Magnetic arc blow 27 

Maintenance of: 

Automotive equipment 779 

Bridges 796 

Construction equipment 815 

Farm implements 823 

Materials handling equipment .... 913 

Mining equipment 915 

Misc. parts 902 

Oil well tool joints 924 

Pipe line 937 

Pulp and paper mill 996 

Railroad equipment 1005 

Rock products plants 1013 

Steel mill 1037 

Watercraft 1087 

Malleable iron, welding of 334 

Manganese steels, SAE analyses 375 

Manual welding, shielded arc 7 

Materials handling equipment ........ 907 

Meat packing (also see Food) 826 

Medium carbon alloy steel, facing of. . . . 360 

Medium carbon steel, facing of 360 

welding of 325 

Melting rate. 35 

Melting ratio 35 

Metal arc welds, symbols 45 

Metallic arc welding 5 

Metallic electrodes 19 

Metals vs. alloys, weights. 1094 

Metals, weldability of 287 

Methods and equipment, welding 3 

of design 387 

Metric conversion factors 1093 

Mill drive, steel 1029 

Mining equipment 914 

Models for studying stresses 75 

Molybdenum steels, SAE analyses . . . . 373 

Moment of inertia in design 393 

Monel metal, welding of 345 

Mufflers, automotive 765 

N 

Naval vessels 1065 

Near weld, symbol for. 45 

Negative, electrode 142 

Nichrome, welding of 330 

Nick break test. 267, 277 

Nickel, welding of 347 


Nickel chromium steels, S.A.E. analyses. 374 


1112 



Nickel clad steel, welding of 347 

Nickel steels, S.A.E. analyses 374 

Notched bar test 278 

O 

Observatory, telescope 1040 

Office buildings 801 

Oil and gas pipe lines 942 

barges and tow boats 1080, 1084 

field equipment 919, 1057, 1081 

refineries 932, 1052 

storage tanks 1042 

well casing 919 

well reamers and mills 932 

well tool joints. 924 

Open joints 35 

Operating factor 211 

Ore carrier 1072 

bridge drive 1028 

Ornamental iron work 935 

Oven spider, applic 859 

Overhead welding position 35 

Overlap 35 

Oxidation, effect on weldability 287 

Oxy-acetylcnc welding. 4 


P 


Pad 36 

Paper and pulp mill, applic 993 

Parts, assembly of 483 

machine 854 

misc. applic 885, 887 

Pecning 36 

to prevent distortion 96 

Penetration 14,27,36 

Penstock construction 964 

fabrication 942 

Percussive welding. 36 

Performance, welding 10 

Physical constants of elements 1096 

properties of weld metals 262 

Piers 786 

Pipe fabrication 939 

joint layout 982 

line repair..., 957 

in welded design. 460 

welding procedure 972 

lines, oil and gas £.42 

line*, water. 964 

Piping, codes for. 132 

industrial 970 

Pit holes in pipe, repair. 957 

Plastic flow, study of. * 83 

Plate girders, 582 

Pleasure craft. 1085 

Plow share repair 823 

Plug weld 36 

welds, strength 179 

welds, type A, procedure. 177 

Poke welding 37 

Pokriscope, plan for 80 

Polarity of welding current. .......... 142 

Polarity, reversed 18 

straight 18 

Potamed light 77 


Polarizer 81 

Porosity 37 

Position of welds 29 

Positioning jigs, study of costs 212 

Positive, electrode 142 

Post heating 37 

Pounds of electrode, interpolating data. . 204 

Power, effect on costs 218 

plant piping 981, 995 

shovels, applic 812 

Precise method of design 447 

Preheating 37 

Preparation, effect on costs 206 

machine design 388 

of work 28,205 

Press, applic 894, 896 

Pressing machine, laundry 897 

Pressure vessels, applic. 1047 

ASME code 106 

codes for 132 

unfired, code for 106 

Pressure welding 37 

Printing machine ducts 1023 

Procedures for automatic shielded carbon 

arc welding 24l 

for deep groove welding 200 

speeds and costs 141 

for type A electrodes 154 

for type B electrodes 192 

for type C electrodes 198 

Production costs, calculation of 223 

Projection weld 34 

welding 37 

Properties of weld metals.. 262 

Protective equipment 21 

Pulp and paper mill, welding 993 

Pump, centrifugal, applic 897 

dredge, repair 820,821 

floating ring repair 1038 

mine, repair 917 

Punches, applic 889 

Purifyer, gas plant 838 

Purlin connections, design of 721 


Q 


Qualification of welders 103 

ASME code 117 


R 


Radiator covers , 

Radiographic tests 

Railroad, bridges 

equipment 

lift table 

Ranges, kitchen ............ 

Rayon machine, welded ..... 

Reamers, oil well 

Reboiler, refinery ...» 

Reference data 

Refineries, oil 

Refrigerator compression shells 
Reinforcement of columns .... 
Reinforcement of weld 


1017 

282 

786 

997 


.... 908 
.... 842 
.... 901 
.... 932 
....1034 
....1089 
932, 1052 
.... 843 

575 

36 
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Reinforcing bridges 7 96 

Repair of: 

Automotive equipment 779 

Bridges 796 

Construction equipment . 815 

Farm implements 823 

Materials handling equipment .... 913 

Mining equipment 915 

Miscellaneous parts 902 

Oil well tool joints 924 

Pipe line 957 

Pulp & paper mill 996 

Railroad equipment 1005 

Rock products plants 1012 

Steel mill 1037 

Watercraft 1087 

Residual stress 37 

study of 82 

Resistance to corrosion 282 

Resistance welding 4 

symbols 55 

Resistance welds, simple instructions 62 

Reversed polarity 18, 142 

Rigid end connections for columns 539 

Rigid frame construction 652 

application 798 

River crossing, aqueduct 969,9 70 

pipe line 949 

River subway tubes 1040 

Riveted design, comparison to welded.. 521 

Riveted joint, rubber model for 77 

Rivets, comparison to fillet welds 67 

Rack, machine part 860 

Rock products plants ...1010 

Rockwell, conversion to Brincll 358 

Rod, welding 40 

Rod bracing 726 

Roll, rock crusher 1015 

Roll changing hook, design of ....... 447 

Rolled steel, comparison to cast iron. . 389 

Root edge 35 

Root face 35 

Root opening 35 

Root of weld 36 

Root radius 35 

Rubber models 75 

Rules, general for welding 133 

S 

S.A.E. steel numbering system ........ 371 

Sand and gravel plants. 1010 

Saw, cut-off, applic 892 

Sawing machine, contour 893 

Sawtooth sections 799 

Scale breaker pusher head 1037 

Scale pan, applic.. , 1016 

School building 803 

School radiator covers 1017 

Scow 1083 

Scrapers, applic. 809 

Seal bead 38 

Seam weld. * 34 

Seat, auto repair. 781 

Selection of type of joint. 40 

Semi-coated electrodes. 20 

Separator, oil and gag 1050 

Shaper tools 1063 


Shapes, special 466 

tubular 460 

available for welded design 454 

Shearing strength, test 274, 278 

Shears, applic 889-891 

Sheet metal, applic 1016 

welding 179 

Sheet unpiler 1030 

Shielded arc 6 

electrodes 20 

Shields, head and face 21 

Shipbuilding and repair 1064 

Ships, codes for 133 

Shoes, wagon, track 1015 

Shot welding 4 

Shovel bucket trip repair 819 

dipper teeth repair 815 

sprocket repair 817 

track pad repair 816 

Shovels, power, applic 812 

Sign frame .1022 

Sign letters .1020 

Silicon-manganese steels, S.A.E. analyses . 376 

Single-bevel groove joint 32 

-bevel tee joint 42 

-fillet lap joint 43 

-J groove joint 32 

-J tee joint 42 

-U butt joint 41 

-U groove joint 32 

-V butt joint 4 1 

-V groove joint 32 

Sinks, kitchen, applic 845 

Siphon construction 964 

Size electrode, effect on costs 213 

Sizes, electrode, pipe line welding 951 

Skip hoist .1027 

Skip welding to prevent distortion 96 

Skylight 1020 

Slab furnace door. 1037 

Slag inclusion 39 

Slag removal 143 

Sleeves 22 

Slot weld 39 

Slotting column web 572 

Smelter flow nozzle 996 

Snow plow, applic 81 1 

Sparing, pipe 950 

Stainless clad steel 309 

Stainless steel procedures 303 

Stainless steel to mild steel 310 

steels, properties of 18-8 301 

steels, type numbers and analyses. . 300 

steels, welding of. 299 

Stairway 995 

Stamping dies 1063 

Stand for machine 862 

for power shovel 801 

Standard rolled shapes 454 

Static characteristics. 8 

Staybolt hole repair 1001 

Steam piping. ^ „ ova 

Steel, abrasion resisting 297 

carbon-moly 298 

cast 333 

chrome-moly 298 
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chrome-nickel 299 

cold-rolled 297 

galvanized 313 

general purpose 290 

high carbon 322 

high manganese 320 

high tensile, procedures 203 

high tensile, analyses 292 

lead bearing 322 

low carbon to high manganese. ... 331 

low alloy 203,292 

medium high carbon 323 

mild, procedures, speeds and costs.. 141 
specifications of, for weldability. . 290 

to-brass 331 

to-cast iron 331 

weldability 288 

Steel castings, welding of 333 

Steel frame houses 747 

Steel mill equipment 1026 

Steel plate floors 738 

Steels, chemical compositions 373 

Steels, S.AJE. numbering system 371 

Step-back welding to prevent distortion. 96 
Stiffness, welding for, in structures. . . . 360 

Stoker, domestic, applic.. 844 

Stoker screw flights 1008 

Storage tanks 1042 

Stove-pipe method, pipe lines 945 

Stoves, blast furnace 1030 

Stoves, kitchen 842 

Straight polarity. . . 18, 142 

Strength of welded Joints 66 

Stress calculations... 70 

distribution 69,75 

relieving 39,102 

residual 37 

strain curve. 89 

Stresses causing warpage 96 

Structural, code* for 133 

misc. applic. .....1039 

additions and alterations 740 

design 321 

Stub end length, effect on costs 216 

Studding of cast iron 331 

Sub assemblies, effect on costs. 208 

Surfacing by welding. .............. 352 


Swimming tanks....... 739,1062 

Symbols, applied to machinery drawing. 53 
Symbols applied to structural drawing. . 34 

Symbols for resistance welding. 53 


Symbols, instructions for use. 53 

Symbols, ffp p W^T>*i ry - 64 

Symbols, A.WS.. 44 

T 

Table for welding 23 

Tables, dccimtls of inch 1093 

laboratory, applic. 846 

Send conversion ...............1098 

temperature convention .........1099 

volume and weight conversion . ... 1104 

weights and areas of bars ..1101 

wire gauges 1100 

Tack weld 39 


Tacking, pipe lines 945 

Tankers 1070 

Tanks and boilers 1042 

Tanks, codes for 132 

small 785 

swimming 739 

Tamper foot replacement 820 

Technique of welding 27 

Tee joints 31 

Telescope observatory 1040 

Temperature, arc 5 

Temperature conversion tables 1099 

Temperature gradient curve 250 

Templates for pipe joint layout 985 

Temperature, effect on weld structure. . . 239 

Tensile test, joints 270, 277 

weld metal 266, 276 

Test of heavy sections 567 

Testing weld metal and joints 263 

Test, for volt ampere curves 8 

guided bend 34 

for qualifying welders 103 

Textile, rayon machinery 901 

winding machine 902 

Thermal stress 39 

Thermal properties, effect on weldability 287 

Thermit reaction 39 

Thermit welding 3 

Thin gauge material, control setting for 14 

Thin plates to thick, welding of 611 

Throat of fillet weld 36 

Tipple, coal 919 

Tire chain repair 781 

Tires, locomotive, repair 915,918 

Toe of weld 36 

Tool joints, oil well 924 

Tool steel, facing of 361 

Tools and dies 1063 

Torque tubes, automotive 7.65 

Tow boat 1077 

Tractor, draw bar repair 819 

frame repair 816 

grouser repair 813 

transmission case repair 818 

type automatic 940, 1048 

Trailers 770 

Training the inspector 124 

Transfer table, steel mill 1029 

Transient arc conditions 14 

Transmission of welding current 17 

Trawler 1073 

Treadle, applic. 836 

Tree-form sections (building) ....... 798 

Trestle, application 791 

Trolley for hoist 862 

Truck repair 780,783 

Truck tank 1051 

Truck, industrial 908 

Trucks 774,778 

Trusses, design of ................. 624 

Tubular shapes 460 

comparison to H beams 464 

Tug boats 1071,1079 

Tungsten steels, &AJL analyses. 376 

Tunnel tubes .1040 
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u 


U-67 to U-76, ASME code 106 

Undercutting 36 

Unit stress 71 


V 


Vaporization effect on weldability 287 

Variable voltage type generator 8 

Ventilating equipment 1016 

Ventilation 22 

Vertical and overhead welding 1 44 

butt welds, type A, procedures. ... 165 

fillet weld, photo of 149 

position welding 39 

welding, general 144 

Vessels, pressure 1047 

(watercraft) 1064 

Viaduct, highway 792 

Volt ampere curves 8 

Voltage, across arc. . . . 7 

arc stream 28 

open circuit 8 

in weld inspection 124 

Volts, arc 10 


W 


Warpage, control of 93 

prevention 97 

Washed electrodes 20 

speeds and costs for 254 

Washing machines, applic 843 

Water pipe fabrication 939 

pipe lines 964 

storage tanks 1042 

Watercraft 1064 

Watts, arc.... 10 

Weaving 39, 143 

Weight in design 395 

Weights and measures 1091 

of alloys and metals 1094 

Weld all around, symbol for 45 

Weld (also see “Welds 0 and “Joints”) 

bead, symbol for 45 

characteristics 126 

continuous 31 

dimensions, estimating 70 

double bevel groove 32 

double J groove 32 

double U groove 32 

double V groove 32 

fillet 32 

fillet, symbol for 45 

groove, symbol for 45 

inspection 123 

metal and methods of testing. ..... 259 

metal, A.W.S. methods of testing. . 263 

metal, density test. 265 

metal, endurance test 280 

metal, properties of. . 262 

metal, radiographic tests 282 

metal, structure of , . . 259 

metal, tensile test 266, 276 

plug and slot, symbol for 45 

Projection 34 


seam 34 

single bevel groove 32 

single J groove 32 

single U groove 32 

single V groove 32 

slot 39 

spot 34 

square groove 32 

symbols applied to machinery draw- 
ing 53 

symbols applied to structural draw- 
ing 54 

tack 39 

Weld positioners 212 

Weldability of metals 287 

Welded design, advantages of 384 

comparison to riveted 521 

introduction 379 

Welded fabrication, advantages of 385 

Welder qualifications 103 

Welders, engine driven, cost calculations 

for 239 

Welding, A.C., type C electrode 204 

arc 5 

automatic metallic arc 7 

automatic shielded arc 7 

automatic shielded carbon arc 24l 

automatic shielded metallic arc. . . . 251 

booth 23 

cable 18 

carbon arc 6 

codes 132 

costs 141 

costs, automatic 250 

costs, calculation of 223 

costs, study of. 210 

current, transmission of 17 

deep grooves with type C electrode. 200 

equipment, protective 21 

finish pass, type C electrode 203 

flash butt 33 

forge 3 

fusion 33 

gas and cutting. 4 

general instructions. 143 

generator, characteristics of ...... . 8 

ground 40 

high speed 252 

high tensile steel, type C electrode. . 203 


lead s 

lens i 

manual, bare electrodes 

manual, carbon arc 

manual, shielded are. 

metallic arc 

methods and equipment 

of high tensile steel. ........... 

of sheet metal....,...,....,,. 

oxy-acetylene 

performance 

poke 

positions 

pressure 

procedures for. 
projection 


40 

21 

254 

240 

7 

5 

3 

m 

m 

4 

It 

37 

29 

37 

141 

37 

4 



rod 40 

shielded arc 6 

shot 4 

speeds 141 

spot 4 

symbols 44 

table 23 

technique 27 

terms . 28 

thermit 3 

thin plates to thick 611 

with type B electrodes 192 

with type C electrodes 198 

Weldment 40 


Welds (also see “Weld’* and “Joints”) 

butt, aluminum, (?) 341 

butt, automatic (?) 242 

butt, code, automatic (?) 249 

butt, horizontal, type A, (C).... 228 
butt, in heavy plate, automatic (P) 246 
butt, in heavy plate, flat, type A, 

(P) 157 

butt, overhead, type A, (P) 166 

butt, stainless steel, (?) 305 

butt, type B, (P) 193 

chain, intermittent 33 

corner, aluminum, (P) 345 

corner, automatic (?) 248 

corner, flat, in sheet metal, (P). . . . 186 

corner, stainless steel, (P) 308 

corner, type B, (P) 195 

deep groove, flat, type C, (P) 201 

edge, aluminum, (?) 344 

edge, automatic, (?) 247 

edge, flat, type A, (P) 177 

edge, in sheet metal, flat (P) 189 

edge, stainless steel, (P) 308 

edge, type B, (?) 196 

fillet, aluminum, (P) 344 

fillet, flat, (P) 183 

fillet, flat, tilted, type A, (?) 172 

fillet, flat, type A, (C) 232 

fillet, flat, type A, (?) 170 

fillet, flat, type C, (?).... 198 

fillet, length o£, to replace rivets .... 67 
fillet, overhead, type A, (?)...... 176 

fillet, stainless steel, (?) 307 

fillet, tilted, type C, (C) 233 

fillet, type B, (?) 194 

fillet, vertical, type A, (?) 175 


finish pass, type C, (?) 203 

high speed lap, type A, (?) 174 

high tensile steel, type C, (?) 203 

horizontal, type A, (?) 167 

lap, aluminum, (?) 343 

lap, automatic, (?) 246 

kp, flat, tilted, type A, (?) 173 

kp, flat, type A, (C).... 234 

kp, flat, type A, (?) 172 

kp. In sheet metal, flat, (?) 184 
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lap, overhead, type A, (?) 176 

lap, stainless steel, (?) 306 

lap, type B, (?) 194 

lap, vertical, type A, (C) 233 

lap, vertical, type A, (?) 173 

loads for fillets 66 

overhead butt in sheet metal, (?) . . 182 

overhead butt, type A , (C) 231 

overhead butt, type B, (?) 197 


overhead corner in sheet metal, (?) 188 
overhead edge in sheet metal, (?) . . 190 
overhead fillet and lap, type B, (?) 198 
overhead fillet in sheet metal, (?) . . 186 
overhead lap in sheet metal, (?).. 185 


placement to resist turning 68 

plain butt, flat, type A, (?) 136 

plain butt in sheet metal, flat, (?) . . 181 

plug, type A, (?) 177 

square groove butt, type A, (C) . . . 223 

staggered intermittent 33 

type C, with A.C 204 

types and locations 40 

U-groove butt, type C, (C) 227 

V’d, butt, flat, type A, (?) 134 

V*d, butt, tee in heavy plate, type 

A, (?) 163 

V’d, butt, with backing, flat, type 

A, (?) 136 

V-groove butt, type A, (C) 226 

vertical butt in sheet metal, (?)... 181 

vertical butt, type A, (C) 229 

vertical butt, type A, (?) 165 

vertical butt, type B, (?) 197 


vertical, corner in sheet metal, (?) . . 186 
vertical, edge in sheet metal, (?) . . 189 
vertical, fillet and lap, type B, (?) . 196 


vertical, fillet in sheet metal, (?). . 183 
vertical, lap in sheet metal, (?),... 184 

vertical, stainless steel, (?) 308 

Well casing..... 919 

Wheels and gears, applic 887,888 

machine design 411 

Winches 811 

Windy conditions, control setring lor. . . 16 

Wire gauge tables 1100 

reels 1033 

Work, preparation o£ .28, 205 

Work positioners 212 

Wrecker, automotive 783 

Wrought iron, welding of 334 

X 

X-ray, inspection by 127 

Y 

Yacht hull repair 1084 

Z 

Zone, heat effected 34 
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Main Offices and Factory of The Lincoln Electric Company, Cleveland, Ohio 



LINCOLN ARC WELDING PRODUCTS AND SERVICES 

Introduction. — The Lincoln Electric Company has been engaged 
in the manufacture of arc welding equipment for more than a quarter 
of a century. For all these years this company has been, and still is, 
the largest manufacturer of arc welding equipment in the world. It 
is therefore only logical that users of the electric arc welding process 
refer to The Lincoln Electric Company as “Arc Welding Headquar- 
ters.” Such world-wide recognition definitely proclaims Lincolns leader- 
ship of the industry. 

Lincoln Electric maintains this unique position in the industry 
by virtue of its progressive policy of constant search and research for 
ways and means to improve its products with resultant advancement 




Lincoln "Shield-Arc SAE" welder, motor driven type, with self-indicating Job selector 
and self -indicating current control. Both controls are continuous in operation. 
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in the art of welding. Because it was the first to use arc welding in 
the manufacture of its own products . . . the first to sponsor the 
application of arc welding in practically all industries . . . the first to 
make available to industry all of the important improvements of the 
process . . . The Lincoln Electric Company possesses the most complete 



Lincoln welder lor theet metal work and general repairs. 



Lincoln welder, engine driven type. 

knowledge of arc welding, and experience in its applications. The 
present design and construction of Lincoln welding equipment is the 
result of this vast fund of accumulated knowledge and experience. 

Lincoln Welders. — The Lincoln Electric Company manufactures 
a complete line of arc welding machines for generation of welding 
current both a.c. and d.c. Lincoln welders are built in 75, 100, 150, 
200, 300, 400 and 600 ampere sizes. Motor driven, Diesel or gasoline 
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engine driven and belt driven types are available. Descriptive bulletins 
will be furnished upon request. 

Lincoln Automatic Welders. — For automatic welding, The Lincoln 
Electric Company manufactures the ^Electronic Tornado” welding 
head which is furnished either separately or with travel carriage and 



UxLeoln "Slil«ld-Arc A.C." weldor, motor-generator type lor A.C. welding. 

fixture for holding work to be welded. The “Electronic Tornado” 
welding head can be furnished with or without wire feeding attach- 
ment for use where additional filler metal is required. It is furnished 
for a continuous welding process in which pipe, tubing and similar 
work is fed under the arc. 

The “Electronic Tornado” welding head is incorporated also in 
a self-propelled tractor type machine used for welding longitudinal 
seams in large diameter pipe and for flat plate work of large area. 

Booklets and bulletins containing complete information on auto- 
matic arc welding with Lincoln equipment are available upon request. 

An automatic electrode feeder is also built by Lincoln for use 
where automatic metallic arc welding is required. 

There is a Lincoln electrode for practically all welding applications. 
A complete line is manufactured by The Lincoln Electric Company, 
insuring uniform high standard quality. The electrodes are packed 
in flat aided meted containers designed for easy stacking and protection 
from rough handling and the weather. Complete data will be furnished 
gladly for any type Lincoln electrode requested. 

3 


LINCOLN ARC WELDING 



Lincoln "Electronic Tornado" automatic tractor typo wold or. 




PRODUCTS AND SERVICES 


Lincoln Electrodes 



“ Fleetweld 5" Electrodes (Type A) for welding mild steel in all 
positions. — Specially designed for shielded arc welding in all positions 
where high tensile strength and high ductility are desired. “Fleetweld 
5” is a high-speed smooth-flowing electrode. It produces weld metal 
possessing a tensile strength of 65,000 to 77,000 pounds per square 
inch; elongation in two inches of 19 to 26 per cent; impact resistance 
of 30-70 foot pounds Izod; fatigue resistance, 28,000-32,000 pounds 
per square inch; density, approximately 7.84-7.86 grams per c.c.; re- 
sistance to corrosion greater than mild steel. Welds can be flanged 
or bent cold and forged. 

“ Fleetweld 7 99 Electrodes (Type B) for single pass welding of 
mild steel, also for poor fit-up of work. — A general purpose heavily 
coated electrode for welding with the shielded arc on mild steel. De- 
signed for high speed and single pass welding. Particularly suitable 
for welds where fit-up is apt to be poor. Has a high burn-off rate 
and low splatter loss, providing exceptionally fast welding at low cost. 
The finished bead is smooth. Tests made on specimens of all-weld 
metal show the following characteristics: Tensile strength 71,000 to 
82,000 pounds per square inch; yield point 57,000 to 65,000 pounds 
per square inch; elongation in two inches 15-21%; impact resistance 
25-50 foot pounds Izod; fatigue resistance 25,000-30,000 pounds per 
square inch; density 7.82-7.86 grams per c.c.; resistance to corrosion 
comparable to mild steel. 

“Fleetweld 8” Electrodes (Type C) for fillet welding mild steel 
in flat position. — A heavily coated electrode of the shielded arc type 
designed specifically for making fillet welds in mild steel plate, flat 
position. In one pass, with one plate vertical, the J4 inch size will 

r duce fillets up to % inch size. Sizes larger than !4 inch should 
used only for positioned work. “Fleetweld 8” produces smooth, 
dense welds with no undercutting at the vertical plate and no overlap 
at the horizontal plate. In the as-welded state, welds have tensile 
strengths of 65,000 to 74,000 lbs. per sq. in., elongation in two inches 
of 21-27%. Stress relieved, tensile strengths range between 62,000 
and 71,000 lbs. per sq. in., and elongation in two inches of 28-33%. 

“Fleetweld 9 n Electrodes (Type C) for deep-groove welding of 
mild steel in flat position.— A heavily coated electrode designed for 

5 



LINCOLN ARC WELDING 


the shielded arc welding of deep -groove joints in mild steel plate, 
flat position. In addition to having a high melting rate, Fleetweld 9 
has a very low spatter and slag loss. Weld metal produced by Fleet' 
weld 9” in mild steel has a tensile strength of 67,000 to 69,000 lbs. 
per sq. in.; elongation in two inches of 21*28%; impact resistance, 30 
to 60 ft. lbs. l 2 ;od; fatigue resistance 28,000 to 32,000^ lbs. per sq. in.; 
density approximately 7.84 to 7.86 grams per c.c.; resistance to corro* 
sion greater than mild steel. 

“Fleetweld 9-HT” Electrodes (Type C) for flat welding of deep- 
groove joints in high tensile steels. — -A heavily coated electrode of the 
shielded arc type. Designed specifically for flat welding of deep*groove 
joints in the higher tensile steels now being used in the construction 
of pressure vessels. This electrode is outstanding for its high deposition 
rate, low spatter loss, easily removable slag, well shaped beads, and 
density of deposit. Stress relieved at 1200° F., welds have tensile 
strength of 74,000 to 76,000 lbs. per sq. in.; yield point, 5 8,000 to 
61,000 lbs. per sq. in., elongation in 2 inches 28*29%; specific 
7.84 to 7.86 gms. per c.c.; impact strength, 30 to 50 Ibs.(Isod); 
endurance limit, 40,000 to 45,000 lbs. per sq. in. 

“Fleetweld 10” Electrodes (Type C) for last pass, flat position 
in mild steel. — A heavily coated electrode of the shielded arc type 
designed specifically for making the final pass in a multiple*pass, down* 
hand weld on flat surfaces in mild steel. It provides full slag coverage 
and produces an exceptionally smooth bead. Tensile strength of weld 
metal is 68,000 to 70,000 pounds per square inch. Elongation in two 
inches is 22% to 26%, 

“Stable- Arc” Electrodes for general purpose welding. — A washed 
rod, readily identified by its blue color. “Stable* Arc’' 1 (non*splashing) 
electrode conforms to A.W.S. Specification E4511 and is chemically 
analysed frequently during its manufacture to insure an absolutely 
uniform rod. Its weldability is double checked by actual factory weld* 
ing tests in downward, vertical and overhead positions, It largely 
eliminates the splatter and splashing of hot metal, steadies the arc, 
produces a smoother bead with a remarkably clean finish, and increases 
ductility of the weld. Being a fast flowing rod and non*splashing it 
welds faster with excellent penetration. 

“Lightweld” Electrodes for welding light gauge sheet metal. — 
Specially designed for welding 16 to 22 gauge and making butt, lap 
or comer joints. It will give a dense weld free from pin holes with 
considerable ductility. The weld can be readily bent with no sign 
of fractures. Is a metal electrode and will give typical shielded arc 
weld metal. Very high speeds can be made with resulting low cost. 

“ Transweld ” and “Readyweld” Electrodes (Type B) for weld- 
ing with small a.c. outfits. — A heavily coated electrode providing ex* 
tremely stable arc for smooth, strong, ductile welds with small ax. 
welders. Also operates equally well with d.c. Tensile strength 82,000 
to 84,000 lbs. per sq. inch. Elongation in two inches 17 to 20% * 
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66 Shield- Arc 85” Electrodes (Type A) for welding high tensile 
steels. — A heavily coated electrode for welding by the shielded arc 
process. It is designed for use in high tensile steels, low carbon nickel 
steels, structural silicon steels, and in general all low alloy steels under 
.30 per cent carbon. On such steels “Shield-Arc 85” produces welds 
of 77,000 to 82,000 pounds per square inch tensile strength; yield 
point of 61,000 to 66,000 pounds per square inch; elongation in two 
inches 17-24%; impact resistance 30 to 70 foot pounds Isod; fatigue 
resistance 42,000 to 46,000 pounds per square inch; density 7.84 to 
7,86 grams per c.c. “Shield-Arc 85” has steady arc characteristics and 
will provide a smooth uniform weld deposit. 

“Shield- Arc 100” Electrodes for welding high tensile steels. — A 
shielded arc type electrode developed for welding steels having some- 
what higher ultimate strengths than those ordinarily welded with 
“Shield-Arc 85” electrodes. Welds produced by “Shield-Arc 100,” 
in the higher tensile steels, possess ultimate strength of 95,000 to 

105.000 pounds per square inch as welded; elongation in two inches 
14-20%; fatigue resistance 45,000 to 55,000 pounds per square inch. 

“Stainweld A-5” Electrodes for welding 18-8 stainless steels. — 
Provides weld metal of the proper physical and chemical properties 
for welding 1 8-8 stainless steels. A coating is provided on the electrode 
which prevents oxidation of the weld metal and keeps the analysis 
of the deposited metal virtually the same as the parent metal and gives 
a bead of the “A” type (see Procedure Handbook, Page 148). Due 
to this, welds are of high tensile strength and ductility and possess 
similar resistant qualities to the parent metal. 

“Stainweld A-7” Electrodes for welding 18-8 stainless steels. — 
Produces a weld of the characteristics of 18% chromium, 8% nickel 
steel. Its coating prevents oxidation of weld metal and produces a bead 
of the “3” type (see Procedure Handbook, Page 150). 

“Stainweld B” Electrodes for welding 25-12 stainless steels. — 
Produces weld metal of the same characteristics as steel containing 25 % 
chromium and 12% nickel. The electrode’s high chrome content makes 
it advantageous for welding stainless-clad steels. Welds provided by 
this electrode have the high corrosion-resistance, high tensile strength 
and ductility possessed by the 25-12 alloy steels. Tensile strength: 

95.000 to 105,000 lbs. per sq. in. 

** Stoinweld C 99 Electrodes for welding 18-8 SMO stainless steels. 
— A coated electrode designed for welding the stainless steels of the 
18% chromium, 8% nickel and molybdenum content. These are desig- 
nated by Iron 6? Steel Institute as Types 316-317. Molybdenum con- 
tent of approximately 354% gives these steels greater resistance to 
corrosion of certain chemicals than does the 18-8S type, 

“Stoinweld D” Electrodes for welding 25-20 stainless steels. — 
Produces weld metal of the characteristics of 25% chromium, 20% 
nickel steel (ISI Type 310). Beads are of the "A” type (see Procedure 
Handbook, Page 148). Coating prevents oxidation and assures strong, 
ductile welds with resistant qualities similar to the parent metal 
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“Chromeweld 4-6 ,> Electrodes for welding 4-6 chrome steels.- 
Provides welds having the high creep strength and resistance to oxida- 
tion required in applications for the 5% chromium steels. These are 
used extensively in oil refinery equipment, in making superheater 
headers for steam generating units, etc. These steels and “Chromeweld 
4-6” welds are highly resistant to crude oil corrosion. When fully 
annealed, the weld metal possesses these physical properties: Ultimate 
tensile strength 65,000-75,000 lbs. per sq. in.; ductility, elongation in 
two inches, 35-50%; hardness (Brinell) 130-140. When stress relieved, 
weld metal has tensile strength of 80,000-90,000 lbs. per sq. in. 

“Nickelchromeweld" Electrodes for welding Inconel, Nichrome 
and similar alloys. — Shielded arc type contains 70-80% nickel and 
11-15% chromium. Produces dense, easily-polished welds of high cor- 
rosion-resistance. 

“Planeweld" Electrodes for welding SAE 4130 and X 4130 steels 
such as used in landing gears, tail wheel assemblies, etc. Produces 
smooth welds in all positions, which respond to heat treatment like 
parent metal. 

“ Manganweld " Electrodes for welding high-manganese steel. — 
Coated electrode. Produces a weld deposit of austenitic manganese- 
nickel-molybdenum steel which is particularly suitable for reclaiming 
worn austenitic steel parts. Welds produced by this electrode are 
equal in wear resisting qualities to heat-treated cast manganese steel 
The weld metal is air-toughening and remains in the austenitic state 
even with the reheating required in laying several beads directly over 
one another. Welds, as deposited, have a hardness of 5 to 10 Rock- 
well C. Cold working increases hardness to 45 to 50 Rockwell C. 
“Manganweld” electrode differs from ordinary manganese steel elec- 
trodes in that it melts uniformly in small particles with a minimum 
of arc disturbance and boiling in the arc crater. 

“Manganweld B" Electrodes for high manganese steel. — A bare 
electrode designed for building up worn manganese steel parts ^ of 
11%-14% manganese. Produces an air-toughening deposit of austenitic 
manganese-nickel-molybdenum steel which is equal in wear resistance 
to heat-treated cast manganese steel. Cold working increases hardness 
to 45 to 50 Rockwell C. 

“ Hardweld 100" Electrodes for wear resistance. — A high carbon 
electrode containing about 1.00% carbon, designed for the building 
up of steel parts to produce a dense tough surface of moderate hard- 
ness — to resist shock and abrasion. The exact hardness of the deposit 
depends upon the rate of cooling and also somewhat upon the carbon 
content of the steel being built up. When deposited on straight carbon 
steel and allowed to cool naturally, hardness will be within the follow- 
ing range: Rockwell C — 20 to 45; Scleroscope 31 to 61; Brinell 225 
to 425. A weld of 33 Rockwell C hardness increases to 40 Rockwell 
C when peened. Quenching in cold water from 1450 degrees F. in- 
creases hardness to 50 Rockwell C. 

“ Hardweld SO " Electrodes for wear resistance. — This is a medium 
carbon steel electrode (approximately .50% carbon) designed for bufld- 
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ing up steel parts and surfaces to resist deformation and wear and to 
produce a tough, dense deposit that is machinable at slow speed. 

“Wearweld” Electrodes for shock and abrasion. — A shielded arc 
type electrode for building up steel surfaces to resist shock and abrasion. 
Deposits are air hardening alloy steel with unusual hardness and tough' 
ness. This electrode can be used to build up all steels other than those 
of austenitic type, and for some service even on austenitic steels. 
Particularly valuable for facing parts, subjected to rolling or sliding 
abrasion, batter, and repeated impact. A single layer on mild steel 
has a hardness of 40 to 45 Rockwell C. Additional layers will have 
a hardness of 48 to 52 Rockwell C. On .70 carbon steel a single layer 
will have a hardness of 50 to 55 Rockwell C. 

“Abrasoweld” Electrodes for severe abrasion. — Meets the re' 
quirements for building up straight carbon steel, low-alloy or high 
manganese steel surfaces to resist abrasion in applications where pro* 
nounced battering and impact are not encountered. It deposits an 
abrasion resisting alloy of the self hardening type, which hardens 
very rapidly under conditions of impact and abrasion. For example, 
moderate peening will increase hardness as deposited from 2030 Rock' 
well C to approximately 50 Rockwell C. “Abrasoweld” maintains its 
toughness and develops its maximum hardness only at the surface 
where it is cold worked. Deposit is more resistant to corrosion than 
high manganese steel. It can be forged hot without materially altering 
its physical properties. 

a FaceweldP y Electrodes for abrasion resistance. — Coated electrodes 
in types No. 1 (yellow tip) and No. 12 (red tip). No. 1 has good 
abrasion resistance (hardness of 45 -52 Rockwell C) and excellent im' 
pact resistance. No. 12 has exceptional abrasion resistance (hardness 
of 52'57 Rockwell C) and moderate impact resistance. 

** Surfaceweld A” for severe abrasion. — A fine-grained alloyed 
powder to be applied with carbon arc to produce a smooth, dense, 
abrasiomresisting surface. It can be applied in a very thin layer if 
desired Hence it is usually used on thin parts subject to wear due 
to abrasion. 

Electrodes for building up cutting edges on tools.— 
A coated electrode for building up cutting edges on metal and wood' 
working tools. It produces weld metal equivalent to high speed tool 
steel. Although the weld metal, as deposited without heat treatment, 
has a hardness of between 5 5 and 65 Rockwell C, the degree of hard' 
ness will vary somewhat depending upon the admixture of base metal 
with the weld deposit. In general, hardness is increased by permitting 
deposit to cool slowly and by depositing additional beads. With two 
beads, which largely eliminate admixture of base metal, hardness will 
be above 60 Rockwell C. Deposit retains its hardness at relatively high 
temperature (approximately 1000 degrees Fahrenheit). Welds can 
be heat treated the same as high speed steel Deposit is very dense 
mi practically free from porosity if electrode is properly handled. 
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“Ferroweld" Electrodes for welding cast iron. — A coated elec- 
trode with a steel base which will give a solid weld on cast iron of 
a greater tensile strength in all cases than the, cast iron itself. It 
makes a good bond or union with cast iron and, due to the low 
current which can be used on it, the hardening effect usually present 
along the line of fusion is materially reduced, thus making a weld 
with this rod much more machinable than most rods now on the 
market for this purpose. 

“Softweld" Electrodes for machinable welds on cast iron. A 
coated non-ferrous alloy electrode that produces a soft deposit on cast 
iron to repair blow-holes, defects and breaks and provide easy 
machinability. 

66 Aluminweld" Electrodes for welding aluminum. — A 5% Silicon 
Aluminum alloy for welding sheet or cast aluminum. It is designed 
for either metallic or carbon arc welding. It is provided with a coating 
which prevents excessive oxidation and will dissolve any aluminum 
oxide which might be formed. The coating also assists in giving a 
very smooth operating arc which is so particularly essential in welding 
aluminum. The resulting weld is very dense without porosity and 
possesses high tensile strength. The weld can be polished satisfactorily 
with practically no discoloration. 

“Aerisweld" Electrodes for welding bronze, brass and copper. — 
A shielded arc electrode which produces weld deposits having the 
characteristics of true phosphor bronze with notably high tensile 
strength. Applications for “Aerisweld” include— bus bars, large con- 
tacts, impeller blades in pumps and turbines, ornamental bronze and 
bronze doors, etc. “Aerisweld” readily welds many types of bronzes 
which are difficult to braze; also galvanized sheets. In repair of worn 
parts, the electrode builds up and fills in bronze castings such as journal 
boxes and containers; bronze valve seats and bearing surfaces on steel 
or cast iron. No preheating of parts is necessary except on heavy 
bronze or copper. 

“Anode" Electrodes are the non-ferrous type. Used principally to 
produce machinable welds in cast iron. The welds have good tensile 
strength. 

“Kathode" Electrodes — fuse easily with deep penetration, produc- 
ing welds in mild steel which are easily machined. 

Carbon Electrodes — used for manual carbon arc welding and cut- 
ting are included in Lincoln's complete line of electrodes. Lincoln 
carbon electrodes are the high quality baked type. 

Automatic welding with the Electronic Tornado welding head 
requires use of Lincoln ^Weldmore” carbon electrodes. These carbon 
electrodes are impregnated and will not swell under welding heat. 
They are carefully ground to size. Each electrode is inspected for 
straightness and gauged for size. The life of “Weldmore'* carbon 
electrodes is very much greater than ordinary carbons. 
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Lincoln Welding Supplies 

Lincoln’s complete line of accessories and supplies is used in the 
majority of welding shops the world over. This vast proving ground 
brings out design improvements which keep this line of supplies far 
in the lead m assuring maximum welding economy, quality and safety. 

Electrode Holders — available in all types and sites for every welding 
purpose: for currents up to 500 amperes intermittent and 350 amperes 
continuous; for high capacity welding on d.c. or any commercial a.c. 
circuit; for light work; for welding with a carbon arc which may require 
a light holder, or one water-cooled, or air-cooled. 

Face and Head Shields — supplied in a variety of types and styles 
to meet any requirement. Lincoln protective shields are made of durable 
non-reflecting dead black fibre and are fitted with high-quality lenses 
which can be depended upon to absorb all objectionable rays emanating 
from the arc. Lenses of Lincoln shields are protected by a chemically 
treated non-spatter cover glass which protects and yet allows greatest 
visibility. 

Protective Clothing — including welder’s gloves, mitts, sleevelets, 
aprons, leggings, spats, made of all-chrome-leather or other fire-resisting 
materials. 

Cable and Cable Accessories — including Lincoln “Stable-Arc” cable, 
providing maximum flexibility and long service life under usual condi- 
tions; also thoroughly dependable cable for ground or motor service. 
Cable accessories include lugs, plugs and receptacles and connectors, 
either for making permanent connections or for quick detachability. 

Linconditioner — This Lincoln shop air cleaner filters the smoke and 
removes the heat of welding and thereby contributes materially to the 
comfort of the man-at-the-arc, resulting in less fatigue, better work and 
lower costs. 

Wire Welders Brushes — designed especially for cleaning the work 
preparatory to welding and for cleaning welds between beads. Lincoln 
brushes have bristles of special tempered wire providing exactly the 
right amount of stiffness. 

Welding Booths — having sturdy pipe framework with side walls 
of fire-resisting duck. Booths are light weight and can be assembled 
fa only a few minutes. 

Automatic Welding Supplies — for use with the Lincoln “Electronic 
Tornado** automatic arc welder — include autogenfaers, “Weldmore” 
carbon electrodes and filler metal. 

All the above equipment and Lincoln’s full line of electrodes are 
completely catalogued in the Lincoln Supply Bulletin, copies of which 
will be furnished gratis upon request. 

Lincoln Engineering Service 

On the staff of its welding engineering department, Lincoln retains 
a welding and engineering authority of national prominence as Con- 
sulting Engineer. The services of Lincoln’s Consulting Engineer and 
the entire welding engineering department are available to manufacturers 
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at actual cost for consultation work and aid on problems of design and 
redesign of products and the application of welding to their manufacture. 

Hundreds of companies rely upon this personal type of engineering 
service as a source of authoritative and unbiased aid in the solution or 
their manufacturing problems. Lincoln's engineering service is available 
to all regardless of the type of welding equipment involved. 


Lincoln Engineering Data 

Because its equipment is extensively used in practically every m- 
dustry, Lincoln has collected what is said to be the most complete hie 
of engineering data on almost all applications of welding, both large 
and small. The contents of this volume serve only as an indication ot 
the completeness and range of this data. Inquiries from responsible 
sources for engineering data will be gladly fulfilled gratis. 

The Lincoln Electric Company publishes periodically bulletins and 
leaflets on almost all phases of arc welding and its applications. These 
bulletins on any subject are available without charge upon request. 


Lincoln Welding School 

A school for the training of men in the art of arc welding is main- 
tained at The Lincoln Electric Company, Cleveland, Ohio. . Here a 
complete four weeks' training course in practical arc welding is given, 
under the supervision and direction of competent and practical instruc" 
tors. This highly practical course includes teaching and practice in the 
fundamentals of welding. Subjects covered include: With shielded arc 
electrode— the shielded arc and its uses; study of the arc welding 
generator; running horizontal bead; running bead not less than 12 
long; weaving the electrode; effect of arc length, current and speed on 
bead; effect of polarity on bead; various electrodes, sizes, and uses; 
padding, building up plates; building up shaft; vertical, horizontal and 
overhead welding of lap, butt, tee welds, etc.; expansion and contract 
tion; penetration; cutting, etc. Welding with bare electrode is also 
covered to provide the student complete training in all phases of welding. 

During the nearly twenty years through which the Welding School 
has been conducted without interruption, it has trained thousands of 
men in the art of electric welding. The wide interest shown in the 
School is indicated by the fact that enrollment runs several months in 
advance of the actual sessions. The service is rendered free of charge 
to purchasers and users of Lincoln equipment. For others, a small 
nominal fee is charged. The lessons, a series of 42 containing over 
100 mimeographed pages and well illustrated by sketches, are available 
at a very moderate cost. Full particulars regarding the Welding School 
may be obtained by writing the company. 

An Advanced Welding Course for engineers and experienced 
operators is given at intervals by the John Huntington Polytechnic 
Institute, Cleveland, Ohio with the assistance of The Lincoln Electric 
Company. This course consists of one week's intensive study of welding 
design which includes the theory and practice of arc welding. 
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Th« Lincoln welding school gives 120 hours' practical training. 

The course covers: the shielded arc, its value and use in design; 
inspecting welds; checking fusion and penetration; calculating stress 
distribution in welded joints; use of rubber weld models and polarized 
light in the study of stress distribution; a simple metallurgical study of 
the welding of ferrous and non-ferrous metals; determination of the 
most economical section in changing from cast to arc welded con- 
struction; organizing the welding department; estimating welding costs. 
A fee of ten dollars, charged for the materials used in practice work, 
is the only fee for this course. Complete information may be obtained 
from John Huntington Polytechnic Institute, Cleveland, Ohio, or from 
the Welding Engineering Dept., of the company. 


lp#dal advanced welding •nqin—rixxq course. 
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